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THE IHCRSASE IN LETHAL ACTION OF SO&ffi 
pgNGICIDES TO THE vSPQR'iiS OP SF:-:GIES OF FHYTOPilTHORA 
DUE TO CHAHG5S IN CHEMICAL POTENTIAL 
INTRODUCTION 
IVhen Benedict Prevost, in 1807, observed tlvct hot water 
boiled in a copper vessel prevented fungal spores from germina­
ting, and from this clue proved that copper sulphate exerted 
a poisonous action on parasitic fungi, he opened a new field 
for experimentationc Investigations carried on since have 
revealed that this property is shared by several other heavy 
metals and as a result we liave today many fungicides to coiabat 
the ravages of pathogenic fungi. Efforts to improve these 
fungicides are still, however, continuously iioin.j: and among 
the recomnendations that have been mace for ameliorating the 
damage v^iiich the fungi cause are: increasing their activity 
by reinforcing the concentration of the metallic ion; increas­
ing the viscosity of the dispersion medi-om; increasing the 
pov;er of wetting by reducin;/, the surface tension and thus 
facilitating spread; and incr -asing the adhesiveness of the 
spx'ays. The idea underlying such experimentation is to make 
the fungicide more letiial to the patho^ene and, at the siime 
time, render it liarmless to the liost plant and to animal and 
h-uman life. 
-4 
The investigation reported in this paper deals -.vith. another 
phase of the problem of increasing the lethal action of the 
common fungicides. In bactericidal studies, attempts have been 
recently made to improve the germicidal efficiency of £;ome 
cilsinfectanos by the addition of neutral si^lts axid the increase | 
} 
thus obtained in rhe letiial action of such disinfectants has 
been explained in terms of the phenomenon of chemical potential. 
So far, chemical potential lias not received consideration by 
plant pathologists and it is v/ith an idea of examining the 
claims made for this phenomenon that this investigation was 
undertaken. 
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PERTIKEKT LITKHATURE 
Fungicides may be clas. ified as those in which inorganic 
substances are ar.iociated and those others v/here organic com­
pounds play a leading role. Among the former are some salts 
which usually have a raetallic base. The toxicity of these 
salts is due, according to Kahlenberg and True (25) to the 
combined action of the basic and acidic radicle, but Clark (10) 
and Bedford and Pickering (3) have shovm that in dilute solu­
tions, the action of the acid radicle is negligible. Among the 
salts .;hat form the toxic bases, those that are classed as 
heavy metals are more poisonous and the metals of the copper, 
silver, and mercury groups have been extensively investigated 
to determine their relative toxicities. 
Between the time Prevost made his interesting discovery 
and Millardet studied the action of copper sulphate on the 
spores of Plasmopara viticola, Boiircart (5) reports Dombasle 
and Kuhn as having given considerable attention to copper sul­
phate and its fungicidal efficiency. Millardet (38) and Millar­
det and Gayon (39), devoting their attention to finding the 
limits of lethal action of copper sulphate to the spores of 
Plasmopara viticola, found that germination v/as normal in a 
solution of 1 in 1,000,000, reduced in 1 in 100,000, and rare 
in 1 in 10,000. A little later Vstithricli (52) carried on 
experiments similar to Millardet's and gave exiiaustive accoimts i 
of a series of experiments to determine the influence of differ- ! 
i 
ent metallic compounds on the germinating power of fungal | 
i 
spores. Spores of Phytophthora infestans geiininated indirectly ! 
" ' " '' " """" ' ' " ' t 
in solutions with one part of copper sulphate to 800,000 parts i 
[ 
of water, ir/hile for direct gerixiination, a solution v^hich was 
ten times less concentrated v/as not lethal* He stated that 
the action of the sulphate on the spores was dependent upon the 
penetration of the spores by the substance and death occurred 
when a particular concentration of copper was reached. 
Clark (11) observed that copper occupied an intermediate 
position in its toxic action on fungi. Concentrations equal 
to sixty-fourth normal solution of copper nitrate and one 
hundred and t;venty-ei^th normal solution of copper sulphate 
^vere necessary to iniiibit the gemination of the spores of 
Penicillixam, while a normal concentration of ei ther salt killed 
^ the spores• For !-,hs same spores, concentrLLtions of mercuric 
cliloride, silver nitrate, and potassium dichroiaate, that v/ere 
a hundred times more <iilute, were sufficient to bring about 
their death. Copper was more toxic than cobalt, zinc, iron, 
the mineral acids, and ethyl alcohol but was surpassed by 
nickel. Its superiority as a fungicide lay, he said, in its 
t cheapness and the tenacity v/ith v;hich its hydroxide adheres 
to foliage, since these experiments were carried on at the 
; end of the last century, Butler (8), Hawkins (24), Maclnnes 
(35), and otliers have rsj orted the results of tbeir investiga­
tions either to explain the nature of the toxicity or to find 
the 1:thai concentr.tions of copper salts for the various 
groups of plant parasites. 
Vermorel and Dantony (50) v/ere the first to try silver 
i salts in combatting rlie dovmy mildew of grapes, iliey found that 
: the action of this metal was more rupid tiian that of copper, 
and Clark (11) confirmed Vemiorel and Lantony, inasmuch as he 
found that silver was as violent a poison as mercuric chloride 
though he stated that Penicillium and Oedocephaliom proved more 
susceptihle to silver than to mercury, while Asperi^illus and 
Botrytis were more susceptible to mercury. Vermorel and nan-
tony 's field tests seem to have been rather conflicting and the 
high cost of silver salts has been a factor in preventing more 
extended v/ork being done v/ith thera. 
Hie toxicity of mercury salts iias been known for a long 
I tiiae but their special value as germicides iias been recognized 
i by the biological and medical profession only since Koch's (27) 
j 
j v;ork on disinfection. Garleton (9) found tiiab spores of 
i 
I coronata and Puccinia rubigo vera v.'ii ch, accoi'ding to 
them, were tlie most resistant to poisonous salts, v/ei'e incapable 
j 
j of germJnation in a 0.001 M solution of mercuric chloride, while 
) 
' Wfitherich. (52) found that the same salt was ten times more toxic 
8-
thaii copper sulphate and a hundrvid tL'aes !i.ore acsive tlian iron 
sulphate. Clark (12) carried on an expended study of incrcuric 
chloride as a lethal agent. He found that to be the most fatal 
coiapound, the Botrytis spores being Iclllec. by a concentration 
of 0.0000156 SI, while tj:ose of Penicillium v/;.ich otherwise 
showed a I'ligh roBisr.ance, were killed by .000244 
During the war, iVhen the central European powers had con­
siderable difficulty in obtaining copper compounds, impetus 
was "given afresh to a more thorou^ study of the metallic 
compounds to determine their toxicity to fiingi. WBber (51) 
ejcamined the fungicidal value of i:he ::ietals frora the aspect 
of '.he periodic law and :'-ias shown how the position of 
copper* silver, a.nd mercury upon the atoaic V7ei^t~3pecific 
gravity curve of the metals correlated v/ith tiieir ftuigicidal 
activities. The moru lethal metals like copper, silver^ and 
1 
i mercu2?y lay in the diagram on a straight line and their toxi-
I 
i city increased vrith increasing atomic v^eitih'fc under tiie condi-
i 
j tions of ;:;is experiments. 
{ 
; Loew, in 1888, discovered th:.^it foxiaaldehyde iiad disinfec-
: ting properties and Geuther (22) some time later first used it 
: as a seed disinfectant in Germany. It v/as used as a seed dis-
i infectant in this country at about the same time by Bolley. 
I Y.'hile the use of this substance rapidly came into practice, due 
I 
' to the work of Arthur (1) and Melhus, Gilman and Kendrick (37) 
|i and others, it 7;as left to Uppal (47) to find the exact letiml 
; limits of the corapounds to the spores of phytophthoi'a colocasiae* 
• .1 concentration of 0.0009 M inhibited the liberation of zoo-
j apoi-es, while Che critical concent,!' .tion for t;ii'ect germination 
I v;as 0,002 M. 
i Uxe coal tar coinpounds, such as phenol, cresol, naphtiia-
'i 
I 
i lene, etc., came into use as germicides on the recommendation of 
! 
I Pasteur and Lister and their use as soil disinfectants v/as first 
I investigated by Ru^sel (44) in England and Hiltner in Germany. 
Biat the alcohols and the various organic acids possess 
lebhal properties to fungi has been vaguely known, but practi­
cally no v;ork liad. been done to determine their relative toxi­
city to plant pathogenes until Uppal (49) reported the results 
of a thorou^ study in 1926. Using the zoosporangia of Fhyto-
phthora colocasiae, he showed that there ^:;as a mathematical 
relationship between toxic properties of certain homolojjous 
compounds and some of their physical properties and solubility 
i relationships. Hethyl and ethyl alcohols v/ere not markedly 
1 
i 
j toxic, while allyl alcohol v/as the most ooisonous of the 
I 
I alcohols. Formaldehyde proved to be the most poisonous of the 
j 
j aldehydes. 
I 
! In any inquiry into the mechanism of fungicidal activity, 
I one is confronted with a variety of hypotheses as to the nature 
i 
I of processes involved in bringing about the death of the spores. 
In the case of soluble substances, toxicity has been considered 
to be a function of osmotic value and the consequent plasmolysis 
of the protoplasm. Stol*gane (47) found that plants could re­
sist only a comparatively lov; osmotic value v.'iiich stimulated the 
gz-o\7th of the plants when it did not exceed two atmospheres, 
vegetative proceijijea are checked if the value becomes much 
higher. Livingston (35), ;vorking with an alga, stigeoclonium 
tenue, demonstrated that the response both in form and in re-
productivity, which accompanies a change in concentration of 
Knop's solution in v/hich it is grov/ing, is due to changes in 
the osmotic value of the medium and is in no way a function 
of its chemical composition. In further v/ork, Livingston (34) 
f 
showed that solutions of non-electrolytes produce the same 
results as electrolytes, for in them also, osmotic value is 
I the controlling factor in detemining the normal form of the 
1 plant* lii^ osmotic value, he staged, decreased the ve^eta-
I 
I tive activity, iniiibited the production of zoospores, and 
[ 
i caused the cells to asatime various sioapes, A low value re-
I 
i veriied these effects. 
I It is well known that bacteria lose their motility when 
I placed in solutions of .i^i osmotic value. Greaves and Lund 
i j 
i (23) using the chlorides, sulphates, carbonates, axid nitrates 
I of potassium, sodium, magnesium, iron, and manganese, found 
I that with tiie exception of manganese nitrate, iron nitrate. 
and sodium chloride, there is a close correlation betv/een toxi­
city and osmotic value as was revealed by the loss in the 
anwionyfying power of certain bacteria v;hen grovm in media v.'itli 
osraotic values. 
Of even greater si^ificance, however, is the Influence 
of the toxic substance on the surface tension of the solvent. 
Gibbs is quoted by Bayliss (2) as having s-iOYai that in those 
cases '^here the solute lowers the surface tension of a solvent, 
the solution v;ill be more concentrated at the surface than in 
bulk. Tliere are not, so far as Lhe writer is aware, any means 
v.iiereby the surface tension betv/een the solution-organism 
. interface can be measured, but from analogy, it has been ] 
i 
j ascjumed that around each organism there will exist a film of 
I 
I medium richer in the funtiicide than the bulk of the medium* 
i 
I riiis concept 7/as further advanced by Traube (48) when he put 
j forv;arG his "cohesion oresaure theory". Ik was based on the 
I 
I fact that -vith t.-ose substances w'iich, when dissolved, lower 
1 
I the surface tension of the solvent, there occurs a concentra-
I 
\ tion of the solute at che surface of the solution: tiiat ia-
j Giiese substances are surface active. This surface coneentra-
s! 
tion, it v/as further assumed, lowered the concentration within 
the liquid phase of the solute. Therefore, the siibstance hav-
ii 
- Ing the greatest Influence upon the lowering of surface ten­
sion of ics solution should be more concentrated upon the 
plasma membrane. Tiie work of Brown and Tinker (6) v/itb. barley 
p seed im:.-ersed in dilute plienol solutions has s;io\vn tMt audi 
i a direct relationship betv/een adsorption and surface tension may 
I exist and Porbisher (18) has demons!:rated that a airect rela-
I I tionship exists between bactericidal poy;er and ability to lower 
j surface tension; for he found that the bactericidal pov/era of 
I phenol and hexyresorcinol against Bacillus typhosus may be en-
I 
I hanced by reducing t^ie surface cension of i;heir solutions v;ith 
I the addition of suitable quantities of sodium oleate and ethyl 
I acetate. The efficiency of hot formaldehyde in controlling 
1 cormrion scab and black Bcurf of potatoes, shown by Melhus et al 
I? 
I (36), may also be due in part, at least, to tliis factor as 
I becomes apparent v7hen v^e consider that surface tension decreases 
j ;7ith incx'ease in temperature according to the formula 
] SQ(l-at) where is the surface tension at temperature T® G., 
I Sq is the surface tension at 0° C» and a is a constant char-
1 acteristlc of the system. From all this evidence, it does not § 
I necessarily follow that it was surface tension distribution that 
was responsible for the increased bactei'icidal or fuiigicidal 
i 
activity thougji the data strongly points in that direction. 
Toxicity of a substance is the resultant of a large number 
of reactions that take place betv;een that substance and the 
protoplasm of the fun^pis* l^e final effect of those reactions 
is presumably a precipitation and coagulation of such proto-
I -IS-
i I 
I H plasm. Hany factors may affect tiiis process before tne end re-
li action takes place and among such factox-*s the surface tension 
effect, the osmotic value, the degree of dissociation of tlie 
compound, the hydrogen ion concenoratioza, or the action of 
undis^ociated molecules, have all been considered by investi-
1 gators. Advocates of each one of the ideas have contributed 
some data toward the elucidation and confirmation of their 
respective tiieories. 
A new concept to explain toxicity was evident when Laplace 
I (29)^ v;orking v.'ith the spores of Anthrax bacilluq, reported in 
1837 that hydrochloric and tartaric acids caused a ver*y con~ 
siderable increase in the toxicity of solutions of about 
1: 20,000 strength of mercuric chloride. In 1895, Echeurlen 
(45) observed that the addition of sodium chloride to phenol 
made it more lethal to the spores of the same bacillus. KrBnig 
i and Paul (28) demonstrated that this property v;as shared by 
i 
I such salts as potassium iodide, potassixim bromide, potassium 
i 
I chloride, sodium acetate, sodium chloride, lithium chloride, 
I and aimnonium chloride. The lethal action of mercuric chloride 
I was i-'educed by the addition of sodium chloride, while rncrcuric 
nitrate, and mercuric acetate were accelerated in theii' action 
l;y the addition of this salt. Clark (12) studied the growth 
of certain fungi under the influence of mercuric chloride alone 
and in combination v/ith sodium chloride and hydrochloric acid. 
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Se observed that the toxicity of mercuric chloride increased 
I i on the addition of small quantities of sodium chloride, but de­
creased when larger quantities were added. He explained this 
by supposing that a double salt of sodium chloride and mercuric 
chloride had formed. The dissociation of this double salt v/as, 
he considered, much higher than that of mercuric chloride, a 
consideration which mi^^t account for the increased toxicity 
of combinations in v/hich small quantities of sodiiim chloride 
Virero used. In a later investigation on the toxicity of copper 
salts in combination vfith various other compounds, he (13) 
showed that for the germination of the spores of Oedocephalum 
albidum and Rhizopus nigricans, copper chloride and copper 
sulphate lost much of their lethal action on the addition of 
sodium nitrate, sodium sulphate, potassium sulphate, and potas­
sium chloride. The concentrations of the salts v;;l-ich he used 
in the niixtures, v/ere, however, relatively higji. 
Norton and Hsu (42), v^.ile investigating the influence 
of neutral salt on the disinfecting power of formic acid, ob­
served thufc sodium nitrate and sodium chloride increased the 
toxicity of that acid jusb as the addition of sodium formate 
and ammonium formate increased the lethal action of the acid 
to Bacterium typhosus. 
The increase in lethal action of phenol and ofJier sub­
stances v/itli the addition of salts led Miller (40) to view 
toxic action from a new angle, H© stated that the toxicity of 
a lethal substance is affected b;/ its chemical potential. It 
is Gibbs wiio, according to Bayliss (2), has derlned chemical 
potential. Chemical potential, as defined by him, is the inten­
sity factor of chemical energy. Bayliss (2) su.^i^ests "cheiaical 
affinity" as a better designation, while Buchanan and Pulmer 
(7) speak of it as "chemical pi^es^iure", or "concentration potency" 
The amount of '.vork performed by a given source of energy 
depends upon the pressure and the amount of energy that is 
available. The pressure of that energy determines the rate at 
w^^ich v;ork is performed, v/hile the amount oi' energy determ^.nes 
the total capacity to do work. The former is the intensity 
factor and, according to the definition, is the chemical poten­
tial of the substance. Chemical potential thus bears the same 
relation to total chemical concentration that hydrogen ion con­
centration does to its total acidity. The intensity of acidity 
is the hydrogen ion concentration of an acid v/hile its capacity 
is its titrable acidity. 
How, til en, does this chemical potential ope;-ate in toxi­
city phenomena? It, in effect, increixses or decreases the rate 
at v/hich lethal substances are delivered to organisms under 
experimentation. Pulmer (20) stated it in the follov/ing terms, 
"any material which increases the chemical potential of a toxic 
substance will likewise increase its toxicity, tiiat is, any 
i substance which decreases the solubility of the toxic a,j,ent 
vithout ciian/iing its total coricentration in tlie medium y/ill 
increase its toxicity and thus decrease the total crop". The 
; Ronvei'se, of course, is also true. 
Euppose, then, a subatance is toxic to an organism v/hich, 
; however, is not affected by a second substance. If the second 
; substance decreases the solubility of the toxic substance in 
1 the solvent without chan^^Ting its concentration, then it in-
j creases the toxicity of the first substance toward the organ-
j iSGi. Pulmer aijd Buchanan (21) considered this to be an in-
i crease in the tendency of the toxic ciaterial to escape and 
; that, the solubility of the toxic substance in the liquid 
i phase having decreased, it is driven into a non-aqueoua 
I piiase. 
! Experimental data obtained by Miller (40) and Laird (29) 
I show that the ad ition of sodium chloride to aqueous solutions 
! of phenol increased the tendency for the phenol to diffuse 
into a layer of toluene or k-srosene. '..hen spores of fan^^i or 
bacteria are suspended in such solutions having a hi^^ chemical 
potential, then, we can think of these spores as replacing the 
organic solvents like toluene or kerosene, and receiving more 
than their otiierwise normal quantity of the toxic agent. 
Lemon (3S) and also Laird (29) v/ere further able to show tmt 
the toxicity of phenol solutions paralleled the chemical poten-
'i tial of that substance. Of the compounds employed, sodiiam, 
1 
\ potacsiUEi, and lithium chlorides, sodium nitrate, sodiiam chlor-
I ate, potasaium iodide and pntaaaixun bromide increased the 
j lethal action of four per cent phenol solution toward anthrax 
1 
i SDores, This effect of the salts on the toxicity of ohenol 
i I was also proportional to their effect on the chemical poten-
I tial of the phenol solutions. Sodium benzoate v;as the only 
I salt which decreased the chemical potential of phenol and 
1 consequently decreased the toxicity. Acetic acid, thou^ it 
I decreased the potential, yet increased the lethal action, due 
1 perhaps to hydrogen ions whose presence mit^t have caused 
I either the permeability of the cell membrane change or increased 
|| the susceptibility of protoplasm to the action of even a small 
j quantity of phenol. 
I Using the ability of methylene blue to stain the dead cells 
I? 
I of yeasts, as the criterion of death, Fraser (17) established a 
:! similar relationship and Fulmer (19) obtained identical results 
J 
I with alcohol-phenol mixtures. 
I Eisenmenger (16), taking the root elongation of soybeans 
I I as a basis ci' measurement, determined that alcohols, when osed 
f, in combination with calcium nitrate, became more lethal than 
I 
i 
when they -were used singly; fiarthermore, he showed tiiat this 
j 
I increase v/as most pronounced vvhen amyl alcohol v;as used in 
I combination with calcium nitrate. 
I 
i 
I -18-
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B 
Instances of the improvement of fungicidal sprays by the 
addition of neutral salts are not nxany* In 1927, Neuwiler 
(41) reported thiit .vhen he added one per cent of jotaysium 
I aluminium sulphate (potash alum) to a one per cent 3o2?deaxix 
] mixture spray, its efficiency was rendered almost equal to that 
i 
I of a two per cent mixtiire. Since potassium aluminium sulphate, 
as such, hai'dly has any fungicidal properties, the increased 
I efficiency was ascribed to the improvement of the niixture in 
I I its adhesive properties. That tiie chemical potential of the 
copper sf'lt in the spray might have been increased by the addi­
tion of the salt, making it more efficient, is also a plausible 
explanation. 
Considerable TJr'ork has been done '.vith acidulated mercuric 
I chloride, and it lias been shown that such solutions have a 
i 
1 higiier Ictlial action than the unacidulated solutions. In the 
I case of additions of acids to lethal substances, it is hardly 
I I possible to ascribe such increases to one factor. These, 
I therefore, fall in a different category and both the effect of 
i 
hydrogen ion and the chemical potential phenomenon may influence 
thejie substances. Clark (12) found that hydrochloric acid is 
more effective than sodium chloride in increasing the lethal 
action of mercuric chloride. He was not able, in this case, to 
explain the increase on his double salt formtition theory. He 
suggested, however, that the increase was due to the catal^/tic 
-19-
action of tHe tLj/drogen ions« 
Cunnln^am (15) obtained absolute inhibition of the ger­
mination of sclerotia of Rhizoctonia solanl, which causes the 
black scurf disease of potatoes, by acidulating the raercuric 
chloride solutions in which he steeped them. Sclerotia immersed 
in solutions weaker than 1:1250 terminated even o.fter sixteen 
hours steeping. T/hen, hov/cver, the solutions were acidulated 
r.'ith h7/drochlorlc acid, complete killing was obtained in 
s!:.re:jgths as weak as 1:3000, v/hile a solution as diluce as 
1:5000, vfhen acidulated v;ith 2.5 per cent hydrochloric acid, 
becurae considerably effective. In hydrochloric acid of tbose 
same strengtvis, lra:riersion of sclerotia v;a3 not of any conse­
quence. 
Leach, Johnson and Parson (31) used acidulated mercuric 
chloride solution for disinfecting potato tubers infested v/ith 
sclerotia of Rhizoctonia solani in field experiments. They 
soaked the tubers for five minutes in a 1:500 solution to 
\7hich one per cent acid h^ad b een added, and controlled the 
disease to the same extent as the standard formula. Solutions 
to vfhlch two per cent hydrochloric acid x'/as added gave a slightly 
better control though not to a sufficient dei^^ree as to justify 
the extra cost over one per cent hydrochloric acid. 
-20-
MTERIA.LS AW ffiTHODS 
The Organism 
Two organisms were used thro-ughout this investigation 
viz. Phytophthora infestans (Mont) De By. and Phytophthora 
colocasiae Rac. They were chosen because it was possible by 
proper handling, to get viable spores at will, of these two 
fungi. The spores, moreover, are large, hyaline, ovate, v;ith 
a papilla at the upper end. Their wall is vex-y thin and there 
can never be any irdstake about their gorjnination, v/hether it 
is direct or indirect, Tlie spores of infestans are 22 to 
32 by 16 to 24 ]a and those of colocasiae are 38 to 60 by 
18 to 26 p. in diameter. The germination is either by means of 
germ tubes or zoospores, this depending partly on environment; 
low temperatures favoring germination by means of sooapores 
and the higher temperatures inducing germination by germ tubes 
The foinner mode of ger-inination is referred to as indirect 
gerr.d-nation and the latter as direct. In the early stages of 
the f/ork, the spores of infestans were obtained by growing 
the fun,sus on raw potato plugs taking as many precautions as 
possible to prevent contamination. This was very hard to do, 
hov/eyer, and the bacteria v/hich soon overran the c iltares con-
sidi^rably vitiated the results. Recf iirse v/as then had to ster 
lie culture media. 
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i Itlodla 
I Fhytox)lithora Infeatana does not ,j;row very profusely on 
ii 
i artificial cilturo media. It grew best on oati^ieal ajar 3nade 
i 
according to the directions ,-^iyen hy Clinton (14), The rnediian 
should not be filtered and clumping of the oatmeal should be 
i avoided, Phj'-tophthora colocasiae grov/s without any hesitancy 
I on various media, but for i^rofuse spore production lim bean 
I a^ar v/as found to be superior to oatineal a^ar. This :nledi^Jm 
I J 
1 was also made according to the fonsula given by Clinton (14). 
3 
] The Spores 
j It took 23 to 25 days at 21®C. for the spores of ?hytoph-> 
4 } 
1 thora lnfe3ta,ns to be ready for germination. P. colocasia© 
3 
^ required a slightly liigher temporature, 23°G. and its Gr:ores 
U 
j v;ere ready for germin-ition in about eight - days. After the 
i fourteenth day they ge minated with difficulty and in an 
c 
I erratic fashipn, Trvmsfsrs of the tv70 fungi to agar v/er-o made 
i 
I daily so as to assure a constant supply of Gi^orcs of the saiie 
Ij viability and age. 
'i 
3 
Methods of Germination 
In conducting studies on lethal action of various sub-
shances, Clark (11) has aiAggested a number of precautions that 
have to be taken if uniform results ai>e the end in viev/. Ab­
solute cleanliness of the glassware is a primary requisite, 
and this was secured by wasMng the flasks, beakoro, slides. 
p and petri-dishes with a potassium di chroma te-sulphuric acid 
mixture, and by repeated vw-ashing and boiling in distilled 
I '.vater. Clark used van tiegliem colls and he emphasises that 
3 the liquid at the bottom of the cell should be the sarrie as the 
1 one ^l)ich is being tested so that coxQplete equilibriutn of 
j vapor pressure of the liquids is established within the cells. 
J Prevention of the adherence of spores in bxinches is another 
I j requisite in order to obtain uniform results. CJontamnation 
•i 
j Of cultures by bacteria has, at all costs, to be avoided and 
,1 
i the presence of any othex' orc^anie or inorganJ-c r-fittor has to 
I be of definite age and viability, while in order to avoid 
I deterioration of the solutions, they have to be carefully inade 
3 
5 afresh every time. Van tieghem cells v7ei-o not used in these 
I'j 
I studies, otherv/ise the precautions rocoxaiaended by Clark were 
j followed. Three di'ops of the solutions to be tested \iQve 
ff 
i placed on chemically clean glass slides at a uniform distance 
I from each other. Glass rods of identical diameter vreve used 
',s 
ii 
for this purpose. These drops v/ere then charged v/ith the 
^ requisite spores. The mycelium bearing the si^ores v.'as taken 
i on a sterile transfer needle and v/as shaken In the drop. A 
1 
,1 1 fairly uniform nuraber of snores was thus I'eleased and they 
I i 
Y/ere foxmd to float on the top of the liquid. The slides 
bearing the spores in the drops, hereafter to be designated 
as culttires, v/ere placed in petri dishes in v/hich a circular 
i 
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h 
I piece of filter paper was placed in the bottom and v/etted 
I 
with the requisite solution. A rectangular hole cut in the 
5 center of the filter paper periiiitted light to pass through, j 
; so that, later, for j-iicroncopic oxaKination, it was not neces-
J 
I aary to remove the slide from the petri dish. It had inerely 
I to be directly placed on the stage of the microscope. 
•J i 
I The Chemicals 
i Baker's analyzed chemicals wera mostly used in making 
i 
] the solutions. A concentrated stock solution was first mde 
I and the lower concentrations v/ere obtained by dilutions, using 
! a vo lump trie flaak. The solutions viere never allowed to be I J 
1 cider than four days after which time tiiey were again. 
I Solutions of formaldehyde and furfuraldehyde were newly made 
li 
i evory time. Tlie formaldehyde used in these experiments \?a3 
j a chemically pure, blue label, Merck product and it had a 
[i strength of 38.3 per cent, Furfuraldehyde \ms obtained from 
II the Miner Laboratories of Chicago and as chemically pure aub-
i| 
\ stance was not obtainable, the next best, labelled as "tochni-
I 
I cal" and of 99.73 purity, was utilized. The water used for 
I making the solutions was distilled three times. The laboratory 
supply of distilled water was treated with potassitim porman-
^•anate and was distilled. The steam v;as conducted into a 
flask containing a ten per cent solution of caustic potash 
from where it v/as again distilled. It was stored in hard pyrex 
glass flasks. 
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The cultures 
The cultures were usually made in the forenoon and left 
in the incubator that registered 14 to 16°C. for the semina­
tion of the spores of Phytophthora infestans, while the spores 
of ?. colocasiae were placed in an incubator that registered 
22 to 24® C. Tlie cultures v/ere first examined in the evening 
betv/een 7 to 9 p.m. and again the next morning. They ^;7ere 
then left on the table at room temperature for another six 
hours to determine if any direct germination would take place, 
Pinal readings were taken during the third observition. As 
the cultures v/ere incubated at temperatures favorable for in­
direct genndnation, it usually so happened tiiat if the solu­
tions v;ere non-lethal, the spores liberated the zoospores 
within three to seven hours. Where the solutions were lethal, 
the zoospores were not liberated and little, if any, direct 
i germination took place. 
1! Criterion of Death 
>] • i • 
ri In their studies on the viability of yeast tliat had been 
i i subjected to various poisons, Praser (17), Pulmer (19), and 
Li 
i Pulmer and Buchanan (21) used the staining power of methylene 
I 
blue as the criterion of death. According to Fraaer (17), 
'] this dye cannot stain,undsr certain conditions, the living 
I cells of yeast, while the dead ones are easily stained. This 
s 
I was indeed an excellent criterion of death. Living Phytophthora 
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spoi'^s v;ere, however, stained by tMs dye. A search v;as 
accordingly made for soras other dye that vmuld serve tliis pur­
pose, Uigrosin, aniline blue, and eosin did not give good 
and sharp results, but ir.ethyl blue proved to be satisfactory. 
A 0.001 per cent solution of this dje was inade and tested both 
on living and dead spores. It v/as found that living; spores 
were left unstained, while the dead ones v;ere invariably 
stained blue, a precipitate of that color accumilatins in the 
cytoplasm of the spores. Failure to germinate by the direct 
px-ocecs or the Indirect method, and the staining reaction 
helped in cletersiinins the condition of the spores. 
Cotmts 
Counting of spores v/as resorted to whenever necessary 
and a tally counting register vrais used for this purpose. In 
some cases counting ^vas not necessary at all because either 
all the spores had germinated or gersiination v/as vquito 
negligible. 
EXPERIMENTAL Sa?UDIES 
j The concentrations of some of the copper and mercury 
;] salts that are lethal to the spores of Phytophthora infestans 
I have been determined in a few cases hut nothing is known re-
.V 
I gardlng the lethal or tolerant concentration of the salts of 
I the lighter metals. There are, moreover, certain discrepancies 
I in the lethal limits obtained by the various investigators, 
I 
I In the experiments that were carried on here, attention was 
I not so much devoted to determining the exact lethal concentra-
1 tion of the different substances as to finding those concen-j 
J trations in which normal germination took place. For instance, 
1 
I copper sulphate has been found to be letlial, in these experi-
•3 
i ments^at a concentration of 10"^ and not lethal at 10""®, as 
over eighty per cent of the spores, immersed in this concen­
tration germinated normally. The limiting concentration may, 
in fact, lie anywhere between 10""^ and 10"^, 
ij 
y Toxicity of Copper Salts 
[•J 
i T/Hthrich (32) found that in those concentrations of 
i 
'I. copper sulphate that were O.OOOl M and below, the spores of 
Phytophthora infestans germinated well, concentrations higher 
than this being lethal. The more recent work of Melhus (36), 
1, 
I however;,, showed that the spores could tolerate a higher con-
centration. In order to check this apparent discrepancy in 
I the work of these two invelitigators, the lethal limits of the 
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copper salts were deterioined again. 
The copper salts v;ere copper sulphate, copper nitrate, 
coppex' chloride, and copper acetate. There v;e-^-e six differ­
ent concentrations of each salt. For each sot there was an 
adequate check. This consisted of spores that had been placed 
: in plain distilled water and some others that v/ere (scrininated 
in tap water. Germination in these checks was eif^ty to one 
hundred per cent. 'Alien the geraiination in the copper solu­
tions Y/as eighty per cent to one hundred per cent, that was 
taken to mean as norjual germination. The plus sign in the 
tables refers, therefore, to norml and the xainus 
sign indicates that there was no germination at all. 
The data presented in table 1 show that the first tv/o 
I 
I salts were ten times less toxic than the last two. The 
I quantity of copper in the respective concentrations is identi-
I 
\ cal and the greater lethal action of copper chloride and 
5 
I copper acetate is, therefore, interesting. Hydrochloric acid iand acetic acid in those concentrations are iaardly lethal and 
the e:q)lanation has, therefore, to be sought for elsewhere. 
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I Table 1. Concentrations of copper salts lethal and non-
f lethal to the spores of two species of Phytoph 
thora, 
:Mole- : phytophthora Phytophthora 
: cular : info stans colocasiae 
Corapcrund :concen-; trials;Cul~ : Kesulii Trials:Cul- ritesuit 
:tration: :tures: : tui'es: 
Copper 10"^ 12 72 12 72 
sulphate 10-^ 12 72 - 12 72 -
10-4 12 72 - 12 72 — 
10-5 12 72 12 72 
10-s 12 72 4- 12 72 4-
10-7 12 72 f 12 72 f 
Copper 10-2 12 72 12 72 
nitrate 10-3 12 72 - 12 72 — 
10-4 12 72 - 12 72 — 
10-5 12 72 4- 12 72 4-
10-g 12 72 f 12 72 
10-7 12 72 + 12 72 f 
Copper 10-2 12 72 — 12 72 
acetate 10-5 12 72 - 12 72 -
10-4 12 72 12 72 
10-5 12 72 - 12 72 f 
10-6 12 72 4- 12 72 f 
10-7 12 72 f 12 72 f 
Copper 
chloride 10-2 12 72 - 12 72 — 
10-3 12 72 12 72 
10-4 12 72 12 72 
10-5 12 72 — 12 72 
10-6 12 72 4- 12 72 4. 
10-^ 12 72 f 12 72 4-
Note: The minus sign indicates tlmt there v/as no germination 
and the plus sign means that germ.i.nation v/as the same 
as in water checks. 
-29-
The dissociation of coppe;- sulpliate, copper nitrate, and 
copper chloride is more or less similar, while copper acetate 
does not readily diasociate into ions, Amon^j the various 
hypotheses advanced to explain toxicity, the degree of disso­
ciation of the molecales of the salt that is being tested has 
been given considerable attention. The imdissociated as well as 
the dissociated rao ecules have been assiimed to be responsible 
for the let -al action. The lethal action of coppe;.- acetate in 
concentrations ten times less than those of coppo • sulphate and 
copper nitrate lends support to the latter hypothesis but copper 
chloride which is dissociated to the same degree as copper sul­
phate is isotoxic with copper acetate. The explanation fails, 
therefore, in this respect. It mst be noted, however, that 
chlorine ion is associated with copper and the increased letiml 
action may be due to this. It is well kno\'m thjit among tlie 
cilloride derivatives of methane are chloroform and carbon tetra­
chloride. Medical protozoologists have found that the latter 
is more toxic than the former as more chlorine ions are assoc­
iated in it. The same may hold true in this case. The data 
regarding the toxicity of coppei' sulphate agree v.-ith tliose of 
"/•ftthrich (52), v/ho also placed the spores dircctly in the solu­
tion, and not Virith Melhus (35), Melhus, however, was measuring 
the toxicity under conditions more nearly comparable to spray­
ing practice. He did not place the spores directly into the 
solutions, but sprayed tlie solutions on glass slides and 
allowed the spray to dry, A drop of water v/as then placed on 
r,he dried spray, v/hich he charged vvifch spores. Under these 
conditions, other factors as v/ettability, solution, possible 
chemical changes on drying v;ere permitted to occur. It is 
also possible that leas of the salt v;as made available into 
the drop of spore suspension. The results, therefore, are 
not directly com.parable but indicate rather tiie quantity of a 
poison needed to be applied in the practice of spraying and 
that such poisons act quite the same after being sprayed as 
In solution. 
Toxicity of Mercury Salts 
Only three mercury salts v;ere tested, viz., mercuric 
acetate, mercuric chloride, and mercuric nitrate. Mercuric 
sulphate decomposes when dissolved in water and, hence, it v/as 
not included in the trials. The acetate is rather difficultly 
soluble and it was found necessary to sli^tly wann the solu­
tion for complete solution of the salt. The r^.sults of the 
t e s t s  w i l l  b e  f o u n d  i n  t a b l e  2 ,  
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f Table 2, Concentrations of mercury salts lethal and non~ 
I lethal to the spores of tv/o species of Phytoph­
thora . 
:Mole-
:cular 
Phytophthora 
inf'estans 
Phytophthora 
colocasiae 
Compound :concen-: 
:tration: Trials 
:CuI-
: ttires 
« 
• 
:Result Trials 
:Cul-
: cures 
« 
: Re suit 
Mercuric 10-2 8 48 8 48 
acetate 10-^ 8 48 - 8 48 4i» 
10-4 8 46 8 48 r* 
10"° 8 48 8 48 -
10-6 8 48 - 8 48 «• 
10-V 8 48 8 48 4 
10-9 8 48 1 8 48 1 
Mercuric 10-2 8 48 mm 8 48 
chloride 10-3 8 48 4^  8 48 
10-4 8 48 mm 8 48 
10-5 8 48 - 8 48 -
10-6 8 48 8 48 -
10-7 8 48 4 8 48 4 
lO'Q S 48 4 8 48 4 
Mercuric 10-2 8 48 8 48 
nitrate 10-3 8 48 mr 8 48 
10-4 8 48 - 8 48 mm 
10-° 8 48 8 48 
10"° 8 48 4 8 48 4 
10-7 8 48 4 8 48 4 
10-s 8 48 4 8 48 4 
I See note at the end of table 1 
Mercury salts, as was to be expected, were a hundred 
times more lethal than some of the copper salts. Mercuric 
nitrate v/as, however, lest; lethal than the other salts and 
was isotoxic v/ith copper chloride and copper acetate. Mercar-
ic chloride cissociates to tZie sane degree as tlie nitrate, 
but bhe nitrnte vins not as lethal as the chloride, once again 
sh.owing that the degree of dissociation does not in every case 
explain toxicity. 
Toxicity of the Aldehydes 
Only two aldehydes were chosen for experimentation. 
According to Uppal (49), formaldehyde is the most lethal of 
the aldehydes, while the toxicity of furfuraldehyde is not 
very great. Farfuraldehyde is soluble in v/ator to the extent 
of about eight per cent and shaking it for a long time is 
necessary before it conple'-.ely diosolves in v;ater. As the 
concentration of formaldehyde was only 38.3 per cent, for raak-
ing a noftnal solution 7.83 ^rams of the solution cere r^eighed 
out and made to one hundred cubic centimeters. The results 
that were obtained will be found in table 3. 
Table 3. Concentration of two aldehydes lethal and non-
lethal to Gporos of two species of Phytophtiiora. 
:Mole- T Phytophthora : Phytophthora 
; cular ; infestans ; colocasiae 
Compound :concen-: :Cul- ; : rCui- : 
; trution: Tria Is: tiirea:Resulta: Trials: turestKeault 
Formalde­ 10-1 10 60 - 10 60 -
hyde 10-2 10 60 - 10 60 -
lo-s 10 SO - 10 60 -
10-4 10 60 4 10 60 4 
10-5 10 60 10 60 4 
Purfur-
aldehyde 10-1 10 60 - 10 60 
10-2 10 60 - 10 60 «» 
io~s 10 60 t T 10 60 4 
10~^ 10 60 4 10 60 4 
10-5 10 60 4 10 60 4 
! • 
See note at the bottom of table 1, 
i1 I] -34-
i 
p Uppal (49) found that 0.0009 M concentration was the 
li 
I critical concentration for indirecc (germination of Phytophthora 
I colocasiae sporc;s v/iiile 0,04 M v/as the lethal concentration for 
i direct gerinination. These er.psriinents have shown that 0,001 M 
i is the lethal concentration for the germination of the spores 
of ooth phytophthora infestans and Phytophthora colocasiae. The 
testa for critical concentration and lethal concentration used 
I by Uppal vjere the failure to (jt-rnainate and the plasmolysis test, 
I'espectively. Different criteria were used in these inveati-
;!:ationa and the discrepancy may perhaps be explained on that 
account. 
Uppal (49) also found that furfuraldehyde was lethal for 
direct germ .nation at a concentration of 0,01 M while for in­
direct germination the critical concentration was 0.04 M. He 
did not deterT:nine the lethal concentration in the latter case 
but it evidently v/as more than 0.04 M. In these studies the 
spores germinated in a concentr,;tion of 0.001 M, while they 
1 
jwere killed by a concentration of 0.01 M. 
i 
j Toxicity of the Acids 
j Three acids were selected in order to determine their 
i j lethal concentration to the soor^NS. 'Bie acids were hydrochloric, 
acetic, and tartaric. I'hey were chosen because in literature it 
:has been stated that the addition of these acids had increased 
i 
i 
I the toxicity of mercury salts and phenol. The results obtained 
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Table 4<t Concentrations of hydrochloric, acetic, and tartai^ic 
acids lethal and non-letlial to the spores of two 
species of Phytophthora, 
:iuole- t Phytophthora Pnytophfchora 
:cular : infestans colocasiae 
Acid :concen-: :Cui- : :Gul- : 
;tration: Trials: tiires:Reault Trials;tures: Result 
Hydro­ 10-2 10 60 6 36 -
chloric 10-2 10 60 - 6 36 mm 
10-4 10 60 4 6 36 4 
10-5 10 60 4 6 36 4 
10-^ 10 GO + 6 36 4 
Acetic 10-1 10 60 6 36 M-
10-2 10 60 6 36 -
10-3 10 60 6 36 4 
10-^ 10 60 i 6 36 4 
10-5 10 60 4 6 36 4 
Tartaric 10-1 10 60 6 36 
10-2 10 60 6 36 
10-s 10 60 4 6 36 4 
10"^ 10 60 4 6 36 4 
10-5 10 60 4 6 36 4 
See note at the bottom of table 1« 
•"36-» 
are given in table 4. 
The lethal action of the acids became evident only in rela­
tively high concentrt.tions. Hydrochloric acid proved itself to 
he ten times wore lethal than either acctic or tartaric acid-
It v/as clear that compared to the toxicity of the previous com­
pounds vAiich exliibited a lethal action in very low dilutions, 
the acids, other tlian hydroc]:loric acid, 7/ere comparai-.lvely 
non-toxic. 
Toxicity of Salts of Lighter Metals 
F.ight salts of li.diter metals and armnoniuin sulpiuite were 
utilized in order to find the concentration of those salts 
that inliibited and also killed the spores of the two fungi, 
According to IVBber (51), the salts of these metals are non­
toxic and the results obtained, v/hich are to be found in table 
5, show that that ivas a fact, salts v?ere sodium chloride, 
sodivun benzoate, sodium cir.rate, sodium nitrate, lithium 
chloride, lithium nitrate, armjionium sulpiiate, cadmium sulphate, 
and the double salt, potassium aluminium sulphate. 
;57-
Table 5, Cor.centration of sorne salts of ligtiter mc bals letiial 
and non-lethal to the spores of two species of 
Phytophthora. 
:Kole- t Fhytophfchora Phytophthora 
:cular : inf es tans colocusiae 
Salt :Goneen-: :Cul- : :Cul- ; 
: tri-.tion; Ti'lals; tur-esiR; suit Trials:tures:Result 
Soditun 10-1 9 54 9 54 
chloride 10-2 n II ± It It 4 
10-3 11 " i It tt 
10-4 ti It 1 11 11 
sodium 10-1 0 It ^ II It 
benzoate 10-2 t! It t It 1) 
10-3 It  " f 11 11 + 
10-4 11 11 i 11 u 4-
Sodium 10-1 11 n _ It It 
citrate 10-2 11 11 _ It It 
10-3 11 tt 1 It It i-
10-J It 11 1 II 11 X 
lo-s tt It i It It 4 
Sodium 10-1 It n _ It 11 
nitrate 10-2 II It f It It  
10-3 n It 1 II It  i 
10-"^ It  It } It It  1 
Lithium 10-1 It It ^ It It  
chloride 10-2 tt It  1 II w 
10-3 tt tt 1 It tl 
10-4 n It t 11 11 
Lithium 10-1 It 11 ^ It It  «• 
nitrate 10-2 n tt r It I! 4 
10-3 It It 1 It tt 4 
10-4 11 ft i. I! 11 4 
Ammonium 10-1 It  It ^ It  It 
sulphate 10-2 It It 1 11 It 4 
10-3 ti It { It It  4* 
10'4 n 11 I tl 11 4 
Table 5. Coricluced, 
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sMole-
! cular 
Phytophthora 
inf ..stans 
PhytopKthora 
colocaaiae i 
Salt :concen-: 
:tration: Trials 
:Cul-
; tiures 
• 
• 
iHesults Trials 
rCui-
: tiires 
• 
:Roault 
Cadmium 
sulphate 10-3- 9 54 - 9 54 -
10-2 11 n 11 n 4 
10-3 n u + TI « + 
10-4 If ir 4 11 I] 
Potaaaiuni 10-1 ti ti 11 tt «• 
aluminium 10-2 II II t T M n 
sulphate 10-s n 11 i\ n + 
10-4 ti u U •f 
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It v/ill be observed tliab riie salts became lethal only In 
very hi^ concentrations. Sodium chloride was poisonous in 
tenth normal concentration as well all the rest of tiiem except­
ing soul urn citrate which inhibited germination only v;hen it was 
of one hundredth molecular concenti'ation. Inhibition in several 
cases was clue to plasmolysis. The protoplasm within the spores 
had shrunk vvhen the spores were placed in those hl<^ly concen­
trated solutions and when distilled water was added to the cul­
tures, the spores showed some activity, the tension of the hi^ 
osraotic value having been withdraiTO. The n\i]:nber that germinated 
actually in such cases was not very large, however. The scilts, 
therefore, were non-lethal unless they nere used in very high 
concentrations. 
The data can be presented in the form of a tabular array 
so that the toxicities of the various salts and compounds may 
bccome easily comprehensible. Bie significance of the increase 
in lethal action which sniall quantities of non-poisonous salts 
cause to the non-lethal concentr:-.cions of the poisons v.'ill then 
become abundantly clear. 
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iTable 6, Concentrations of twenty different comioounds necessary 
to kill or inhibit the i^ermination of oporea of tv/o 
species of Phytophthora, 
Compound 
; Lethal 
: molecular 
:concentration 
Compound 
Letlial 
molecular 
concentration 
Mercuric chloride 10"® Purfuraldehyde 10-2 
Mercuric acetate 10-^ Sodium citrate 10-2 
Mercuric nitrate 10-^ Sodium chloride 10-1 
Cuprlc chloride 10-5 Sodium benzoate 10-1 
Cupric acetate 10""5 Lithium chloride 10-1 
Cuprlc sulphate 
1 o
 
H
 Lithium nitrate 10-1 
Cupric nitrate 10-4 Ammonium sulpliate 10-1 
Formaldehyde 10-3 Cadmium sulphate 
H
 1 O 
t H 
Hydrochloric acid 10-3 Potassium aluminiiim 10"^ 
sulphate 
Acetic acid 10 2 
Tartaric acid 10-2 
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The high toxicity of the mercury salts, curpaswing tliat of 
the other compounds that were tested, v;ill become clear by an 
examination of table 6. Copp r salts ranked next, foi'maldehyde 
and hydrochloric acid shay;ing ten times lesG toxicity iiian the 
least lethal copper salts. All the other compounds iniiibited 
(germination only y/hen their molecular concentr;.:tions in ™ater 
was very hi^. Figure 1 gives a graphical array of the results. 
Germination of Spores in Aqueous Mixtures 
of Toxic and Hon^toxic Substances 
attention was next directed to the main task of the in­
vestigation which ^ vas to find the influence which the non-
lethal salts exerted upon the action of the toxic ones« auch 
influence cannot, of course, become evident if the concentra­
tion of the lethal substances are already such as to cause tlie 
death of the spores. It is essential, therefoi-e, to select only 
bhose concentrations in v/hich "che spores <j;errainated normally, 
in other words, as they would germinate in water. In such 
checks over eighty per cent of the spores had germinated, v/hich 
v;as considered as normal ^jerraination. 
The mixtures had varying influences on geriBination. In 
some cases, i;he death of all the apores had taken place v.'hile 
in other cases, a few scores did ge-minate. In determining 
germination, the total number of spores v/ithin the field v/as 
first counted and tlien the number that had germinated; from 
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fl^rcur/c c/!Jo^/<atL 
Ni re uric 
/^tzrcur/c nifra^a 
Ciyr^/c yzh/onc/c: 
Curp/c a cetufci 
Cur/o'/c ^u/p/JHT'e 
Curp/c f7/f/'a)'e-
7^0 r-//r Jt /cr'ii />y c/(i 
c/ foch/or/c uc/d 
Tjyfur/'c u c /V 
/I cz Y'/c ac / c/ 
r u/-/i^/-a/d<^ afi^ 
tJSoiy/u/rr 
c/zu /*t /o/^/de 
<.3od/'u^ ha/fzoaiic 
Z./M/'u/r' C/;/o/^/c/^ 
'L/'fh/oi/r? 
Codrn/u/n ju//oJ7ayi 
Po fa J /7. i^/uz-r'. 
O  / O " '  / O ' ^  / O ' '  / O " '  / O "  / O  '  
Pig. 1. Graphical array of relative toxicities of 
the twenty compounds. 
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tliese figures, the percentage of germination in r,he respecr.ive 
mixtures v;as calculated. The data of each trial vvcjre subjected 
to biocietrical analysis so as to find the probable error for- each 
set of readings and the probable error was computed. 
Germination in Mixtures of Copper and Sodium Salts 
The concentrations of the copper salts used in these tests 
v/e.e 10""® in the case of copper sulphate and copper nitrate^ 
and 10"® in the case of copper chloride and copper acetate. It 
v;ill be recalled that in these concentrations, the spores had 
ijer-uiinated quite normali;;, thcLt is germination v;as over eighty 
per cent, When a few tests were made v/ith concentrations 
lower than these> it was observed that the addition of the 
neutral salts had not affected the lotiial action in a favorable 
direction. 
Table 7. Relative germination of spores of Phytoplith.ora in 
aqueous solutions of copper and sodium salts. 
:Phytophtliora tphytophtiiora 
; infestans ; colocasiae 
Cul- : Per cent : Per cent 
tures;germination ;(germination 
laolecular 
c one entra ti on Trials 
Copper sulphate 10"® 
Sodium chloride 10*"^ 
Copper sulphate 10"^, 
sodium chloride 10**^ 
Copper sulphate lO**® 
SodiTim citrate lO'^ 
Copper sulphate 10"® 
Godium citrate 10*^ 
Copper sulphate 10"® 
Sodiiam benzoate lO'^ 
Copper sulphate 10~5 
Sodium nitrate 10"2 
Copper nitrate 10"® 
Sodium chloride 10"^ 
Copper nitrate 10"® 
Sodium chloride 10"^ 
Copper nitrate 10**® 
Sodium citrate 10"2 
Copper nitrate 10"® 
Sodium citrate 10"^ 
Copper nitrate 10"®_^ 
Sodium benzoate 10"*^ 
Copper nitrate 10"® 
sodium nitrate 10"^ 
Copper chloride 10"6 
sodium chloride 10"^ 
42 
36 
36 
36 
36 
42 
3.0i0.34 4.7^0,13 
24 14.8il.56 13.9i0.91 
l.S^O.OG 1.23*08 
36 64.0i7,3 72.4il2.6 
36 73.0^6.8 
42 17.0i2.1 19.4i3.4 
42 41.3i5.0 2a.8i2.S 
36 14.9^3.3 5.4il.7 
36 15.7i2.1 7.1i2.3 
o * 4^0.3 6.640,42 
-44-
Table 7. Concluded. 
Molecular 
:Phytophthora 
: infestans 
: Piiy toptithora 
; oolocasiae 
Concentra tion : Trials Cul­
tures 
: Per cent 
:germination 
: Per cent 
:;';ermination 
Copper chloride 10"® 
Sodium chloride 10-3 7 42 5.3i0,91 9.41:1,3 
Copper chloride 10"^ 
Sodium citrate 10"*^ 7 42 7.3il.2 6.6il.6 
Copper chloride 10"-| 
Sodium citrate 10 7 42 9.8£2.3 9.4£3,1 
Copper chloride 10"® 
Sodium benzoate 10-2 7 42 27,4£8..3 22.1i6e4 
Copper chloride 10""® 
Sodium nitrate 10-2 7 42 27.3i7.9 21.2i8,2 
Copper acetate 10"® 
Sodium chloride 10-2 7 42 6.4i0.61 7.11:0.83 
Copper acetate 10" 
Sodium chloride 10"*^ 7 42 13.8il.3 8.9£1.21 
Copper acetate 10"® 
Sodium citrate 10"^ 7 42 5.9il.2 ll,5i2.1 
Copper acetate 10"® 
Sodium citrate 10"^ 7 42 12.li0.92 18.7il.3 
Copper acetate 10-® 
Sodium henzoate 10"*^ 7 42 69.7^10.6 41.7f;8.8 
Copper acetate 10"® 
Sodium nitrate 10-2 7 42 + 
note: The minus sign indicates no geiroination, while the plus 
sign means normal, that is 80 to 100 per cent 
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A critical examination of table 7 will reveal that in all 
cases Kodixim chloride and sodium citrate increased the le bhal 
action of the copper salts to a relatively high decree. In the 
case of copper nitrate this increase was not very marked but 
there v/as a considerable dimunition in germination, however. 
The citrate was uniformly more active in increasing nhe lethal 
action than any other salt. The 1;thai action had been raised 
sufficiently hi^ as to make the copper salt of a lov;er con­
centration isotoxic v/ith ten times the higher concentration. 
Sodium nitrate and sodium benzoate were not of any coiisequence. 
They failed to increase the lethal to any extent. 
Germination In Mixtures of Copper Salts and 
Hydrochloric, Acetlc» and Tartaric Acids 
In these experiments, the same concentration of the copper 
salts v/as retained. The acids had the follov/ing concentrations: 
hydrochloric acid 10"^, acetic acid lO""^, and tartaric acid IQ-^. 
In these concentr tions of the acids, the spores, it will be 
remembered, germinated norinially. Concentrations of the acids 
lower than these had failed to show any incr(-;ase in letiial action 
of the copper salts. 
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Table 8. Relative germination 
aqueous solutions of 
chloric, acetic, and 
of spores of Phytophthora in 
copper salts with hyd.ro-
tartaric acids, reijpecoively. 
Molecular 
concentrat ions 
of two 
comoounds 
:Phytophthora:Phytophtnora 
; infestana : colocasiae 
Cul- : Per cent : Per ceiit 
tures t germination t^ei'mination 
:Trials 
Copper sulphate 10"^ 
Hydrochloric acid 10""^ 8 
Copper sulphate 10"^ 
Acotic acid 10**3 8 
Copper sulphate 10"*5 
Tartaric acid 10"^ 8 
Copper nitrate 10*"® 
Hydrochloric acid 10-4 s 
Copper nitrate 10"*^ 
Acebic acid 10"^ 7 
Copper nitrate 10"*5 
Tartaric acid 10"*® 7 
Copper chloride 10""^ 
Hydrochloric acid 10"^ 7 
Copper chloride 10"^ 
Acebic acid lO^^ 7 
Copper chloride 10"® 
Tartaric acid 10**3 7 
Copper acetate 10*"® 
Hydrochloric acid lO""^ 7 
Copper acetate lO"® 
Acetic acid 10""3 7 
Copper acetate lO**® 
Tartai-ic a cid 10""3 7 
48 3.840.51 5,5-}-0.34 «• 
48 4,li0.93 3.7^0.83 
48 7.3^0.74 4.4+0.42 
48 64.3il3.12 71.0fl2.8 
42 8.9il.28 11.5^3.18 
42 7.1ii.34 a.7il.7 
42 7.1i2 .13 6,8i0.96 
42 6«5il.22 7,2^1.6 
42 5 ,9i2 .23 4.8i0.63 
42 ll.4i2.01 10.1+2.4 
42 15.4i3.50 8.9i2.8 
9.lis.3 13.4i3.9 
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Increase in the lethal action of the copper salts is 
evident in all cases. Hydrochloric and acetic acids exerted 
greater influence in increasing that action than tartaric acid. 
Copper sulphate sltov/ed the fflaximiim improvejaent over the r&st 
of the copper ^alts. 
Mixtures of Copper Salts with Those 
of Some Lighter Metals 
The next series of experiments dealt v;ith the salts of 
the lighter metals and aiaraonituQ sulphate. All these were used 
in non-lethal concentrations as also the salts of coopei'. 
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Table 9. Relative germination of spores of phytophthora in 
aqueous solutions of copper ijalta in combination 
with those of some lighter metals. 
Molecular 
concentrations 
of two 
compounds 
Fi'ials :Cul-
Phytophthora:Phytophtho ra 
infeatans : colocasiae 
Per cent : Per cent 
germination :germination 
Copper sulplmte 10-5 
Lithium nitrate 10"^ 8 
Copper sulphate 10"® 
Lithium chloride 10""^ 8 
Copper sulphate 10"^ 
Ammonium sulphate 10"^ 3 
Copper sulphate lO-^ 
Cadmium aulpliate 10" ^ 8 
Copper sulphate lO*"® 
Pot. alum, sulphate IQ"^ 8 
Copper nitrate 10*"® 
Lithium nitrate 10"^ 7 
Copper nitrate 10"*^ 
Lithium chloride 10"^ 
Copper nitrate 10 
Ammonium sulphate 10 -2  
3 
Copper nitrate 10-5 
Cadmium sulphate 10-2 
Copper nitrate 10"^ 
Pot» alTim. sulphate 10"^ 
Copper chloride 10"® 
Lithium nitrate 10-2 
Copper chloride 10**® 
Lithiiim chloride 10-2 
48 
48 
48 
48 
48 
42 
48 
42 
42 
42 
42 
42 
48.4i3.1 35.346.3 
mm 
16.3^4.3 16.0^4.2 
.4i2.7 3.1i2.1 
21.8+5.8 12.7i3.4 
ll.li2.4 17.5f2.5 
33.6i3.8 34.948.1 
25.9i5.6 13.845.4 
lo*44tj«l 1(3 .7i4,3 
18.443.1 19.146.1 
21.644.6 17.8^5,4 
12.112.8 8.442.1 
16.3i3.1 16.0i3.4 
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Table 9, Concluded# 
Molecular 
coiicentrations 
of two 
c omp ound s 
Phy tophthora: Pliy tophtiiora 
inr-.-atan3 ; colocaslae 
per cent : Per cent 
germingtion ; germiiu-ifclon 
:Trials Cul-
tiires 
Copper chloride lO^S 
Ainrrionluin sulphate 10"2 
Copper chloride lO" 
Cadmium suipnate lO'^ 
Copper chloride 10"^ 
Pot. alum. silLploate IC^ 
Copper acetate 10 
Lithium nitrate 10~2 
Copper acetate lO-S 
Lithium chloride 10"^ 
Copper acetate lO'® 
Am .onium sulphate 10**^ 
Copper acetate 10"° 
Cadmitim aul ht-te 10'^ 
Copper acetate 10""6 
Pot. alum, sulphate 10"^ 
7 42 11.414.1 8.112.4 
7 42 9.3i3.1 15.013.1 
7 42 9.6f3.3 10.4+3.4 
7 42 19.4i3.8 14. 5i3.B 
7 42 8.1^2.0 7.4i0.34 
7 42 10.4^1.S 9.140.93 
7 42 9.6il.31 o.oil.26 
7 42 7.6i2.1 6.341.2 
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The ad:-.itlon of the salts of the ligliter metals and 
ammonium sulr)habe to ':he coppur salts liad, it- will be noticed 
from table 9, some varying effecns. Lithium nitrate did not 
have much influence in increasing tiie lethal notion of the first 
two copper salts but in the case of copper chloride and copper 
ycefcate, it reduced .termination to less than twenty per cent. 
Lithium chloride vas superior to Jithium nitrate in tiifi t it 
reduced the germination in all cases quite coiKsiderably, copper 
nitrate alone not having been increased in its lethal action to 
the same dei^ree as the rest of the sal^^s. Anjinoniam suiuhate 
did not let genTiiriation go over 16.7 p-.-ir ctnt in each case, 
including that of copper nitrate. Excepting when ic .vas in 
combina^-ion v/ith copper sulphate where it reduced goroiin;.tion 
to 21.6 per ce:it, cadraium sulphate exerted cuite an appreciable 
influence in increasing tJie Icrhal action. Pot ssium aliArnin-
ium sulphate gave identical results. It seemed that cooper 
acetate, among all the copper salts tried, has been very /-uch 
influenced, in fact, much more so tJian any oiiicr copper salt. 
Mixtures of Mercuric and Sodium baits 
The mercury salts ivere the next in the series to be experi­
mented upon and tests were made to see how non-letliiil coricen-
brations of these salts could be increased in their toxicity. 
These salts were mercuric chloride, mercuric acetate, and mer­
curic nitrate. The coj^centra tions that were used in hhe tests 
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Table 10. Relative germination of spores of ?hytoplitiiora in 
aqueous solution of niercur-y and some sodium salts. 
Liolecuiar 
concentrations 
• 
• 
• 
• 
:Fhytophthora 
; infstans 
;Phytophbhora 
: colocasiae 
of two 
compounds 
;Trials :Gul-
: tures 
: Per cent 
:geimlnation 
; Per cent 
: /::ermina tion 
wercuric nitrate 10"® 
Sodium cliloride 10"2 7 42 52.4i6.8 49.6^5.1 
Mercuric nitrate 10""f 
Sodiiiin chloride 10""^ 7 42 54.6i6.1 41.7i5.8 
lilercuric nitrate 10"® 
Soditim ci trate 10" 7 42 12,5i2.4 9.041.4 
Kercuric nitrate 10"^ 
Sodium citrate 10"3 7 42 21«6i3.8 17.442.3 
ftlercuric nitrate 10"6 
Sodium benzoate 10**2 7 42 IS.lio.l 50.0^4.6 
Mercuric nitr-ate 10"® 
Sodium benaoate 10"^ 7 42 56.0^5.4 ol.545.0 
Mercuric nitrate 10"® 
Sodium nitrate 10"^ 7 42 4 4 
Mercuric nitrate 10"® 
Sodium nitrate 10"^ 7 42 4 4 
iMercuric chloride 10"^ 
sodium chloride 10"2 7 42 60.748.1 .55.546 .9 
Mercuric ciiioride 10"^ 
Sodium chloride 10"^ 7 42 56.847.3 34.045.8 
Kercuric chloride 10"*^ 
Sodium citrate 10"^ 7 42 4.7+1.03 5.1i0.91 
Mercuric chloride 
Sodium citrate 10"*^ 7 42 5.541.12 5.540.75 
Mercuric chloride 10"*^ 
Sodium benzoate 10"2 7 42 22.842.8 lS.0i5.1 
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Table 10. Concluded. 
i^jolecuiar 
concentrations 
Phytophthora 
inftstans 
: Phy tophtiiora 
; colocaciae 
of two 
compounds 
;Trials Cul­
tures 
Per cent 
rmination 
: Per cent 
rt'^erralnat ion 
Mercuric chloride 10'"^ 
Sodium benzoate 10~3 7 42 i-3»6i3.4 13.344.3 
Kercuric chloride IQ"'^ 
Sodium nitrate lO" 7 42 4 t T 
Merciuric chloride 10"'^ 
Sodium nitrate 10"^ 7 42 69.1+3.8 4 
Mercuric acetate 10"'^ 
.sodixam chloride 10-2 7 42 29.7i3.9 19.443.1 
aercuric acetate 10"* 
Sodiuj'a chloride lO-'S 7 42 31.oi4.1 41.9^5.3 
Mercuric acetate lO""^ 
Sodium citrate lO"'^ 7 42 3.6^0.43 7.ail.30 
Mert'uric acetate 10"''' 
Sodium citrate 10"*3 7 42 4.8^0.39 
^*^"^0.96 
Mercuric acetate lO"**^ 
Sodium beiizoate 10"^ 7 42 19.64-0.91 «• 12.040.91 
Mercuric acetate 10"7 
Sodium beiiZoate 10"^ 7 42 23. 3 jj o • 4 24.3^3.8 
liiercuric acetate 10^'^ 
Sodium nitrate 10~^ 7 42 4 4 
Mercuric acetate lO"'' 
Sodium nitrate 10"^ 7 42 + 4 
Note: See note at bottom of table 1, 
were such as had favored an 80 to 100 per cent {^errrjination. i-my 
diimin5-tion in germination co .Id then be ascribed to the in­
fluence of the second salt. 
[lu;t the lethal action of i.i-rcury salts could be improved 
by the addition of neubral salts of sodium becomes evident by 
an inspection of table 10. Sodium citrate ranked as the best 
amon,3 these neutral salts in increasing the lethal action, 
-...cition of sodium chloride did little to enhance tne lethal ac-
i-ion though v;hen added to the mercury acetate solution, it con-
siderabl;/ improved its toxicity. It v/ill be observed that 
sodium cr'.iorioe, in a dilution i:en times less than ;;he fii-st 
dilution, did improve the lethal action in the case of mercuric 
chloride and mercuric nitrate. Lov/er concentrations of the 
other salts increased th^- lethial action in a proxjortionately 
lesser degree. Mercury in combination v;ith the nitrate radicle 
was also lessened in its lethal action but the addition of 
sodium citrate and sodium ben^ioate effectively increased its 
lethal action. 
Mixtures of Mercury Salts and the Three Aclas 
The effect of the thrve acids in increasing the lethal 
action of the mercury salts was then tried. The resuxts are 
;-iven in table 11. 
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Table 11, Relative gennlnation of sporea of Phytophthorn 
in aqueous soli^tions of mercury salts '.vith 
hydrociiloric, acetic, and tartaric acids. 
Molecular « • • • ; Phy -ophthora : phy t ophtij ora 
conc entra ti ons • • • • ; infeatans : colocasiae 
of tv'.'0 :Trials:Cul- : Per cent : Per ceidt 
compounds : :turea tgerfflinat.on ; :.;crmination 
Ksrcuric nitrate 10-^ 
}iyr3rochloric acid 10"*^ 
i.;ercuric nitrate,, 10""® 
-icetic acid 10"^ 
iuercuric nitrate 10"® 
Tartaric acid 10"^ 
Mercuric chloride 10""'^ 
Hyorochloric acid lO'"^ 
ilercuric chloride 10"*^ 
•icetic acid 10"^ 
Iviercuric chloride 10"'^ 
I'artaric acid 10"® 
i.^ercuric acetate 10'"'^ 
iiycroc loric acid 10""^ 
I,;ercuric acetate^ 10"*^ 
;>cetic acid 10"^ 
liercuric acetate 10"'^ 
Tartaric acid 10-3 
7 
7 
42 
42 
42 
1.3i0.51 2.8i0.47 
4.840,64 5.4iC.38 
7 42 12.540.91 11,941.5 
«<• 
7 42 4.541.4 5.140.97 
* mm 
7 42 6.7il.2 4.240.63 
7 42 8.6^2.4 8.3^1.9 
7 42 16.343.1 3.9^2.01 
9.1i0.94 24.544.3 
42 21.046.3 17.245.4 
* 
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C."snsideruoLe ei't'ect v/aa seen in the acdition of hydro-
cliioric acid to the mercury salts. That effecc was not so 
vrry pronounced when it was added to mercuric nitrate but this 
was to be expected as this suit had coiiuistontly i';;iled to siiov/ 
Marked iraprovemenbs in ;-?!oa t of the cases. Dimunition in the 
^germination, even then, must not be lost sight of. 
Mlxtxxres of Mercuric Salts and Cotnp.ounda 
of aome Lighter Metals 
All the salts of the lighter petals and ammonium sulphate 
'//ere used in the experiments. i'he -jsual procedure v-.'as followed 
here also and the results ai'e presented in table 12, 
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I'able 12» Relative fiermination of spores of Pliytophthora in 
acueous solutions of mercury s-alta and riiose of 
some li^.ter metals. 
Molecular 
concentrations 
;Phytophthora 
: infos':,ans 
; Phy 10 o h t J. o ra 
: colocasiae 
of two 
compounds 
:Trials Cul­
tures 
: Per cent 
; ,-:ermin'. tlon 
: Per cent 
: ,v;;ern)inati on 
Mercuric nitrate 10"^ 
Lithium chloride 10"^ 7 42 56.446.3 64.3+3.7 
Kercuric nitrate 10"® 
Lithium nitrate 10~2 7 48 58.lis.8 64.3+7.4 
Mercuric nitrate 10"° 
Ammonium sulphate lO'^ 7 42 46.346.8 37.9+3.4 
Mercuric nitrate 10""® 
Cadmium sulphate 10**2 7 42 27.4i4.9 31.5^2.8 
Mercuric nitrate lo"^ 
Pot. alum, sulphate 10"^ 7 42 13.8+2.1 13.1+1.6 
Mercuric chloride 10""''' 
Lithium cJiloride 10~2 7 42 61.3^6.3 69.7+a.l 
fijercuric chloride 10"''' 
Lithium nitrate 10"2 7 42 67.4+5.9 62.1+5.4 
Mercuric chloride 10"*^ 
aiTur;onium sulphate IC^ 7 42 47.0i3.3 54.3+4.9 
Mercuric chloride 10"*^ 
Cadmium sulphate 10** 7 42 31.4^3.4 43.li4.2 
Mercuric chloride 10"'^ 
Pot. alum, sulpliate 10" 2 7 42 la.9+2.0 15.0+1.8 
Mercuric acetate 10"*^ 
Lithium chloride 10"^ 7 42 64»4i8.1 66.946.3 
mm 
TaMe 12. Conciudod. 
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Kolecular 
c one en tra ti ons 
of two 
compounds 
; Phy toph th ora: Phy t o pht _. ora 
! infCii LciilS ! COlOt-TiSiciC 
: Per cent : Per ce;nt 
bure3;genriina.tlon ; .^-erxalnation 
Trials:^ul-
kercuric acetate 10"^ 
Lithium nitrate 10""^ 
M< rouric acetate 10"'^ 
Arnmonium sulphate 10~2 
Mercuric acetate 10-7 
Cadmiuni sulphate 10"^ 
Mercuric acetate 10-*'' 
pot, alum, sulohate 10-2 
42 51.8+6.7 54.6+5.8 
42 39.7+5.5 52.4+6.3 
42 26.4ii.5 23.8i3.9 
42 18.3i2.1 19.4i2.8 
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The percentages of germintition were reduced in all cases to 
below seventy per cent though this decrease ..as not as signi­
ficant as v;as observed in the jQse of the acids or r,he sodium 
salts. The lithium salts effected but a poor incre.ise in 
lethal action. Ami.aoniiim suiphiite v.'as superior to them but 
cadmium sulphate and potassium aluminium sulphate cecined to be 
the most effective in the series. In co.bination v/ith uiercuric 
chloride, germination v/as 43.1 per cent and below, while in 
combination \Yith mcrcuric acetate and mercuric nitrate semina­
tion v;as never above ol.o per cent. Potassiiam aluminium sul­
phate did even better, even in the case of mercuric nitrate, 
fo.r in all cases where it .^us added, germination remained below 
twenty per cent. 
Mixtures of Aldehydes v/lth Meutral Salts 
and the Three Acids 
It will be remembered r.h;i':. of the two aldehydes, formalde­
hyde alone was lethal in low concentrations wnile furfuraldehyde 
exhibited its toxicity only in hi^^ conGenerations, Indeed the 
la'-.ter aldehyde was less toxic tnan hydrochloric acid and exiiibited 
bhe same toxicity as acetic acid, tartaric acid, and sodium ci-
si-ate. Hov.'ever, it v.-as included in these E-.udie£ to see if other 
salts and acids womIu make it more l^. thai than it ordinarily is. 
formaldehyde v;as in lO"^ concentration while the concentration 
of furfuraldehyde was 10"3, 
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rable 13. Relative ^:crmiriation of spores of tv/o species of 
Piiytophthora in aqueous solutions of the alde-
nydes and some salts of light metals, and acids. 
Molecular 
concentrr; '• ions 
• 
• 
• 
• 
:Phytophthora 
; infi;Ktans 
:Phytophthora 
: colocasiae 
of two 
corapoxinds 
:Trials 
• 
• 
Cul­
tures 
: Per cent 
:i-:ermination 
: Per cent 
: ,^-ci»rrjiiiation 
Formaldehyde 10"^ 
Sodium chloride 10"^ 
7 42 4 
Formaldehyde 10*"^ 
Sodium citrate 10"^ 7 42 + ! T 
Formaldehyde 10"^ 
Sodium benzoate 10~2 7 42 4 4 
Formaldehyde 10""^ 
Sodium nitrate 10""^ 7 42 4 4 
Formaldehyde lO*"^ 
Hydrochloric acid lO""^ 7 42 I5.8i2.1 9.3il.2 
Formaldehyde 10"^ 
Acetic acid 10"^ 7 42 23.4il.5 15.741.8 
Formaldehyde 10"^ , 
Tartaric acid 10~3 7 42 41.644.6 52.942.4 
PoiTflaldehyde 10"^ 
Lithium nitrate 10"^^ 7 42 48.6i5.1 54.6i5.3 
Formaldehyde 10""^ 
Lithium chloride 10*^^ 7 42 43.6^3.8 41.34o.7 
Formaldehyde 10'"'^ 
Hmrnonium sulphate ,10"^ 7 42 4 4 
Formaldehyde 10"^. 
CadmiuiE sulphate. 10"2 7 42 29.lil.01 36.6i3.9 
Formaldehyde iC'i 
pot, alum, sulphate 10" 2 7 42 71.548.1 75.2i6.3 
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Table 13. Conc.raded. 
Molecular 
concentrations 
of two 
compounds 
1 : ; Phytopli bhora: 
; ; : inf^jsbans : 
:Trials:Gul- : Per cent 
J ; turea ; germination ; 
Phytopli thora 
colocasia.e 
Pel- cent 
termination 
Furfuraldehyde 10"^ 
Sodixim chloride 10"^ 
Furfuraldehyde 10 -3 
Sodium citrate 10"^ 
Furfuraldehyde 10"^ 
Sodium benzoate 10"^ 
itUrfuraldehyde 
ijodiura nitrate 10"^ 
Furfuraldehyde 10" 
Hydrochloric acid 10-"^ 
Furfuraldehyde 10~3 
Acetic acid 10"^ 
li\irfuraldehyde 10~3 
Tartaric acid 10-3 
Furfuraldehyde 10-^ 
Lithium nitrate lO"*^ 
Furfuraldehyde 10"^ 
Lithium chloride lO" 
Furfur'aldehyde 10 
/iia-iionium sulphate 10" 
Furfuraldehyde 10"^ 
Cadmium sulphate 10"^ 
Furfu raldehyde 10"^ 
Pot. alum, sulohate 10""^ 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
43.8f5.1 
15.4+2.4 
25.6^2.8 
24.3^2.3 
I 
23.3^2.9 
32.1^2.3 
4 
+ 
4 
47.1i4.9 
15.04-2.3 
+ 
31.541.9 
27.8^3.4 
4 
27.142.7 
29.3i2.5 
See note at bottom of table 1. 
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Of all the compounds that •.vei-'e added to i'ormaldehyde and 
furfur aldehyde, only sodium citrate, hyd^oc^^loric acid, acetic 
acid, tartaric acid, lithium chloride and nitrate, and cadiuium 
sulphate reduced the germination to any great extent. Other 
salts exerted no influence whatsoever. 
It was interesting to see how tlae addition of furfuralde-
hyde would affect the toxicity of mercuric chloride, fjxpcri-
ments were, therefore, planned to test tliis. Che concentI'ation 
of mercuric chloride vi&a 10"'^ and 10""® while that of furfuz^alde-
hycie v;as IC^. lixtremely intoresfcing results v;ere obtained. 
They are presented in table 14, 
Table 14, Qertnination of Phytophthora spores in aqueous mix­
tures of mercuric chloride and furfuraldehyde. 
Molecular * Phytophthora ;Phytophthora 
concentrati ons 0 • infestans : colocasiae 
of tivo ;Trials Cul­ Per cent : per cent 
comoounde « tures germination :germination 
Mercuric chloride 10""*^ 
Furfuraldehyde lO"^ 12 72 13.4i0.73 10.af0,72 
Mercuric chloride 10"® 
Furfuraldehyde 10"*3 12 72 21.5+1,4 18.940.93 
There v;-s not complete stoppage of germination but the 
fact that dilutions of mercuric chloride as lov/ as 10~'^ and 
10"® could be rendered lethal, is very significant. Both the 
staining reaction and failure to germinate tests v/ere used as 
btie criteria in this as well as in the previous experiments. 
Surface Tension 
Tlie influence of surface tension in increasing liie letlaal 
action of poisons has already been r-ferred to. It was of 
importance to see hov; far f '.is phenomenon had influenced the 
lethal action tov/ards the spores. Surface tension measurements 
of some of the representative solutions were made using 
the BuNouy apparatus for the purpose. All the precautions tiiat 
are recom-nended in using this apparatus v/ere i:aken and the 
solutions used v;ere those identical ones in which the spores 
had been t sted. Fresh solutions were also made and their 
surface tension measurements determined so as to serve as 
checks. 
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Table 15. Surface tension of the toxic solutions and i-iie 
lethal mixtures. 
Compounds : I-.ffect Surface tensiOii 
Liynes 
Copper sulphate 10""^ lethal 76,1 
Copper sulphate 10"^ non-lethal 75.8 
Copper chloride 10"^ lethal 75.7 
Copper chloride 10**^ non-lethal 76,5 
Mercuric chloride 10"*® lethal 74.8 
Mercuric chloride 10"'^ non-lethal 74.8 
Formaldehyde lO^^ lethal 58.9 
Formaldehyde 10""^ non-lethal 59.6 
Copper sulphate 10**^ 
Sodium chloride 10"*2 lethal 74.3 
Copper sulphate 10"^ 
Sodium citrate 10"^ letlial 75.7 
Copper sulphate 10"^ 
Hydrochloric acid 10*"^ lethal 69.3 
Copper chloride lO"*® 
Sodium citrate 10**^ lethal 74.4 
Copper chloride 10"® 
Hydrochloric acid 10*^ lethal 69,6 
Mercuric chloride lO**'^ 
Hydrochloric acid 10-4 letlial 73.4 
Mercuric chloride 10"'7 
Acetic acid 10~3 le fclial 74.1 
Mercuric chloride 10'*^ 
Purfuraldehyde 10~3 lethal 56.3 
Hercuric chloride 10"® 
Purfuraldehyde lO-'S lethal 55.3 
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Tlie surface tension meaaurements did not show any uniform 
coi'i-elation be--ween those values and toxicity as v/ili become 
clear from table 15« Copper sulpha !:.e in its non-letiial concen-
ri-ation, viz. 10~®, had a carface tension value of 75.3 dynes, 
while an addition of sodium c'nloride ICiVered bhe value by 
only 1.5 dynes and that of sodium citrate by 0.1 dyne. The 
non-lethal concentr'^tion of copper chloride had a i^urface 
i.enaion measurement of 76.5 dynes and on uhe addition of 
sodium citrate it v/as not very much, lowered, being 74.4 dynes, 
addition of the add to copper sulpViate. copper chloride, and 
mercuric chloride lowered the surface tension to a sli^tly 
gr'..ater extent, wliile furfuraldehyde reduced the surface ten­
sion of the mercury salt very considerably. It lias to be 
remembered, nowever, that so far as the addition of neutral 
salts to the p isonous substances is concerned, there is not 
liiuch change in the values obtained. 
Teats with Sclerotia of 
Rhizoctonia solanl Kuhn 
All these experiments, to demonstrate the improvement that 
becomes evident when neutral salts are added to non-lethal solu­
tions of toxic subatances, have been carried on using two species 
of phytophthora. The chances for the mixtures to react v/ith 
the protoplasm of the spores in this case are even, inasmuch as 
::he spores are large, they do not clump together, thus elimin­
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ating hindrance to penetration of the solutions within the 
spores, and they have a delicate cell membrane. It was inter­
esting to see hov; this increase would be felt by those fungi 
that have a sclerotial type of fructification. Conditions in 
such cases, it was assumed, v/ould approximate to those that ai'e 
obtainable in practice. Rhizoctonia solani Kulm, the fungus 
that causes the black scurf disease of potatoes is a suitable 
organism for this purpose. It forms large sclerotia on the 
skin of the potatoes which can be handled easily and ".vhen sur­
face sterilized, they readily germinate on potato dextrose 
agar, forming a dirty white mycelium in the course of three or 
four days. 
In performing these experiments, the method outlined by 
Melhus, Gilraan and Kendrick (37) was followed witliout any modi­
fication. Two fun,/,icides were tried, formaldehyde and mercuric 
chloride, and hydrochloric acid v/as the substance chosen for 
mixing with these compounds. Both the hot dip and the cold 
iranersion metiiods were used in the case of formaldehyde, while 
mercuric chloride and its combinations were used at the labor­
atory temperature. The sclerotia v/ere dipped for five minutes 
in the case of hot formaldehyde, for tv/o hour's when formalde­
hyde was used at room temperature, ana fifteen minutes in the 
case of mercuric chloride solutions. 
The solutions v;ere not made on the molecular basis but 
Eccorciing to the foa^mulae recoraiiiended in standard pracr;ice. 
Three strengths of formaldehyde and tv/o of mercuric chloride 
were utilized, I'he number of sclerotia that germinated at bhe 
end of four days on the agar plates v/as counted and i'rom these 
figures the percentage of germination and, tnerefore, the reduc­
tion in .germination was computed. Bie results v;ith formalde-
hyde-hydrochlorie acid combinations v/ill be found in table 1S« 
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Table 16. Germination of sclerotia in acidulated forxnalde-
liyde solutions. 
So rength Time . 
• 
Teraperature: 
degrees : 
Centigrade : 
Percentage 
of 
germination 
1-120 5Min. 60-62 14.8 
1-120 HCl 5 50-52 5.8 
1-120 2% HCl 5 60-52 4.7 
1-240 5 50-52 27.7 
1-240 1% HGl 5 50-52 17.9 
1-240 2% HCl 5 50-52 18.4 
1-480 5 50-52 70.5 
1-480 HGl 5 50-52 54.8 
1-480 2% HOI 5 50-52 48.6 
1-120 2 Hrs . 22-24 11.7 
1-120 HCl 2 22-24 10.1 
1-120 2% HCl 2 22-24 6.5 
1-240 2 22-24 28.5 
1-240 HCl 2 22-24 23.1 
1-240 2% HCl 2 22-24 14.9 
1-480 2 22-24 5o. 3 
1-480 HCl 2 22-24 43.0 
1-480 2% HCl 2 2::-'24 37.6 
-68-
Considerable iraprovenient was evident in the lethal action 
of i'orraaldehyde to the sclerotia of Riiiaoctonia or: the af.u'.ition 
of Iiydrochloric acid, aermxiiation dropped from 14.8 per cent 
to 5.8 per cent, due to the addition of one per cent acid and 
furtheriiiore to 4.7 per cent on the addition of tv/o per cent 
hydrochloric acid. Proportional fall in j^eriEimtion was evi­
dent in the more dilute formaldehyde solutions on the addition 
of one per cent and tvvo per cent acid. Results identical v;lth 
these v>'ere obtained even v;ith the cold dip method. 
Cunningham (16) treated the sclerotia v;ith mercuric chloride 
alone, v/ith mixtures of mercuric chloride, and hydrochloric 
acid, and in hydrochloric acid alone, of varying strengths. He 
shov/ed that the single components v/ere lothal only in highly 
concentrated solutions but tiiat tlie mixtures vrere letlial even 
though tiie concentrations wei-e very low. The results v;ill be 
found in table 17. 
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Table 17. Germination of sclerotia of Rhijsoctonia solani 
in acidulated mixtures of mercuric chloride. 
s trength 
« • 
:Tirne in minutes: 
• • 
• « 
Per cent ^icrmination 
1-1000 15 6.3 
1-1000 1^ HCl 15 2.8 
1-1000 2% HCl 15 2.1 
1-1000 3^ HCl 15 0.8 
1-2000 15 36.8 
1-2000 1% HCl 15 22.3 
1-2000 2.% HCl 15 15.7 
1-2000 HCl 15 11.7 
Complete absence of germination was nowhere obtained and 
these expe riiuents have not confirmed Cunningl'iam but a substan­
tial decrease in germination is evident. Addition of tir ee per 
cent acid to 1-1000 mercuric chloride was the most effective 
of all the treatments, but the same quantity of acid added to 
mercuric chloride of 1-2000 strength reduced germination to 
only 11.7 per cent. 
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DISCUSSIOH 
In the foregoing pages data have been presented to demon­
strate that an increase in the lethal action of some suhatances 
can be obtained vd.th the addition of salts and acids, v/liich, in 
themselves, are not toxic. When used alone, in the concentra­
tions employed in the mixtures, the poisonous substances exliibited 
no injurious effects on the spores of Phytophthora, but on the 
addition of neutral salts and acids, in proper dilution, they 
shov/ed marked increase in toxicity. 
The results have been graphically presented in fii^ures 
2, 3, 4, and 6. In figure 2, the influence of the neutral 
salts in increasing the lethal action of copper salts is shown. 
The addition of sodium citrate, sodium chloride, potassium alvim-
inium sulphate, ammonium sulphate, cadmium sulphate, and lithium 
chloride made all the copper salts lethal so that germination 
v;as reduced, in each case, from more than eij^ty to less than 
thirty per cent. Lithium nitrate and sodium benzoate incpeased 
the toxicity of copper nitrate only, while the addition of 
sodium nitrate was without effect. 
Figure 3 shov/s how the effectiveness of mercury salts v/as 
improved. Sodixam citrate, potassium aluminium sulpiiate, sodium 
benzoate, and cadmium sulphate increased the letlial action to 
a considerable degree and the rest of the salts, while reducing 
germination, were less effective. Soaiian nitrate, in this case 
-71 
0 0 o o o Q 
Pig, 2. Graph illustrating the lethal equivalent of 
copper salts as influenced by neutral sub­
stances. 
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Pig. 3, Graph illustrating the lethal equivalent of 
mercury salts as influenced by neutral sub­
stances. 
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again, may be singled out as the one salt that failed to im­
prove the lethal action of the toxic substances. 
In figure 4, the results obtained with the aldehydes have 
been presented. The number of spores tloat were killed was not 
very great in this case. Cadmiiam sulphate, lithium ciiloride, 
lithium ni^i'ate and potaasiiom aluminium sulpliate showed some 
action in increasing the toxicity of tiie aldehydes, 'fne ger­
mination fell off on the addition of each one of these salts, 
cadmium sulphate showing tiie greatest activity both in the 
case of formaldehyde and furfuraldehyde. 
Talcing the activity of some of tiie individual neutral 
salts into consideration, sodium citrate improved the copper 
and mercury salts to a remarkable degree. This salt was used 
by Raber (43) in his studies on the toxicity of sodium chlor­
ide to Laminaria, He found that the toxicity of sodium chlor­
ide to Laminaria increased considerably on the addition of this 
salt and even when it was added to sodium bromide and sodium 
iodide, sodium citrate increased their lethal action. Laird 
(29) did not use soditmi citrate in his phenol-salt solution 
studies so tliat the effect of this salt on phenol toward bac­
teria is not known. 'JSiese studies have revealed that it ranks 
as the best salt among those used, in improving the toxicity 
of copper and mercury salts. 
Sodium chloride in combination with the copper salts ranked 
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Fig. 4, 
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as the next best salt. In all four cases, its action v/ith 
those salts was such that a large number of spores v;ere killed 
and germination was reduced to less than twenty per cent. In 
the case of the mercury salts, its effectiveness was, hov/ever, 
sli^t. KrSnig and Paul (28) found that this salt reduced the 
toxicity of mercuric chloride, while the action of iiiercu.ric 
nitrate and mercuric acetate was .increased by the addition of 
this salt. '.Uhese studies iiave shovrn that sodium chloride can 
slightly improve the toxicity of mercuric chloride and mer­
curic nitrate and to a greater extent that of mercuric acetate. 
Clark (12) obtdned increased toxicity of mercuric chloride v/hen 
very minute quantities of sodium chloride vrere added to it, but 
larger amounts decreased the effectiveness of tlie poison. This 
observation of Clark was tested by adding sodium chloride in 
concentrations ten times less than the above and some reduction 
in germination and, therefore, larger killing of the spores of 
phytophthora was obtained. 
•Hie case of sodium benzoate and sodium nitrate requires 
special mention. In the case of copper salts, sodium benzoate 
v/as beneficial v/ith copper nitrate, but with other copper salts, 
these salts failed to improve the toxicity. With the mercury 
salts, sodium bensoate was very useful but the ineffective­
ness of sodium nitrate even with these salts was very evident. 
V.'ith the aldehydes, both of these salts v;ere of no value. 
Laird (29) found tliar sodium benzoate, vrtien added to phenol, 
decreased the chemical potential and he obtained a larger 
number of colonies of anthrax bacillus on nutrient a^^ar con­
taining phenol-sodiujn benzoate mixture than on nutrient agar 
containing phenol alone. In combination with coppei^ cults, 
then, aodium benzoate reacts just as it does with phenol. In 
the case of mercury salts, its effect v/as evidently different, 
for it increased the toxicity considerably. 
Sodium nitrate which failed to increase the lethal action 
of the copper and mercury salts and the aldehydes stands in tiie 
same category as does sodium benzoate in the case of copper 
salts and phenol. Laird (29) observed that when sodium nitrate 
was added to phenol, it increased the lethal action of phenol 
to a certain degree but Hawkins (25) has shown that the nitrates 
of sodiiim, potassium, and calciim reduce toxicity of the copper 
and mercury salts. Tliere is possibly some antagonistic action 
playing a part here, as suggested by him. 
Lithium salts and cadmium sulphate do not call for any 
special notice as their influence was of a varying mture, 
lliese three salts along v/ith potassium aluminiiom sulphate were, 
hov/ever, the only ones that increased the lethal action of tlie 
aldehydes, all the others having failed to do so. In the case 
of formaldehyde, cadmium sulphate alone very considerably im­
proved the l:;thal action. 
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Atnmonium sulphate and ootassixmi aluminium sulphate helped 
in increasing the lethal action of copper salts in a nore or 
less uniform manner. With the mercury salts, their effect was 
not so very evident, hut there was reduced germination in the 
non-lethal concentrations on the addition of those tvfo salts. 
In figure 5, the action of all the neutral salts, except­
ing sodium nitrate, on the toxic compounds has been presented. 
The graph will help in visualizing the fact that each of the 
eight neutral salts improved, sometimes very effectively and 
in some otlier cases to a considerable extent, the toxicity of 
the lethal compounds. 
When a fungus spore is placed in a medium, the chemical 
composition of the medium may affect the spore in a variety of 
v/ays. A number of suggestions have been made to explain the 
exact nature of the chemical wiiich brings about the iiltiinate 
death of the spores. Krd^ig and Paul (28) thoug^it tiiat ther'e 
may be tv/o things happening in such cases: the plasma membrane 
of the spores a -d the protoplasm may be destroyed by the ciiem-
ical or the chemical may pass throu^ to the interior of the 
cell and react v;ith the protoplasm, the membrane remaining 
intact. A change in the water content of the protoplasm or a 
chemical union of the substance with the protoplasm, leading 
to its coagulation may account for the death of the s:)oi^es. 
But tvhatever the method of action of the lethal chemical may be. 
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Pig. 5» Graph representiiig the relative increases in toxi­
city of all lethal substances as influenced by 
neutral salts. 
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tiie rate at v/liich the chemical is supplied to the spores is 
governed by several Tactors. Surface tension and the cliiinijes 
which tlie chemical induces in the osmotic value of tlie solu­
tion determines the rate at which the raatei-ial is conveyed to 
the spore* 'liie degree of dissociation of the substance, the 
changes in hydrogen ion concentration, and the accelerating 
action due to chemical potential determines the rate at v/hich 
:;hs substance vvhici], is conveyed to the spor^ penetrates the 
interior of the cell, 'fiiese phenomena may act collectively 
or individually and may also detenninc the rate at wiiich the 
chemical union v/ith the protoplasm takes place. 
Literature bearing on the absorption of ions by plants has 
been recently reviewed by Stiles (46). whether the substances 
enter plant cells in the form of ions or as undisaociated mole­
cules is still a matter for controversy and evidence seems to 
be well balanced on both sides. KrSnig and Paul (28) concluded 
that germicidal activity is in t^eneral proportional to the 
degree of dissociation, more hi^^hly a substance is ionized 
the greater is its toxicity. The mercury salts which they 
used are highly ionized but, on the addition of alcohol, tiieir 
dissociation was depressed and they became less lethal. In 
many cases, it is known that substances that are highly ionized 
are more letlial tlian those that are less ionized. Mercuric 
nitrate, which is ionized to a greater extent than mercuric 
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chloride and to a much greater degree than mercuric acetate, is 
lesa toxic than either of these tv/o ealts. Clark ( IQ has fur­
nished a great deal of evidence to show tiiat the toxicity ;vas 
independent of the degree of distiociation in the case of tlie 
lethal compounds with which he worked. He concluded ohiit in 
the case of several acids dissociation lessens their chemical 
activity to-^^ards the substances involved in the life processes 
of plants^ uOxicity^i according to him^ being more evident in 
the molecular than ionized form. The higher toxicity of copper 
acetate, which is leas ionized than copper sulphate or coooer 
nitrate, is another case which indicates timt toxicity may be 
uninfluenced by the degree of dissociation. 
Probisher's (18) studies to demonstrate that tiie increase 
in lethal action of phenol and hexyl resorcinol on the addi­
tion of sodiiim olcate is due to the decreased surface tension 
of the bactericide, v?hile proving that it my hold true in 
that case, do not explain the increased toxicity of the copper 
and jjiercury salts on the addition of the eight neutral salts. 
Low surface tension values were obtained in the case of those 
solutions of mercuric chloride that were in combination v;ith 
furfuraldehyde and in that case surface tension may iiave oper­
ated in increasing the toxicity of mercuric chloride. But in 
the case of the wore lethal concentration of copper sulphate 
and its lethal mixture with sodium citrate combination, there 
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was no difforonc© in surface tension v-^lues, both of them be­
ing 75*8 and 75.7 dynes, r^. spectively. The li. thai copper 
sulphate-sodium chloride mixture had a surface tension of 74.3 
dynes v/hich v;as not very much lower than 75.8 dynes, the sur­
face tension value of copper sulphate solution in its non-
lethal concentration. Surface tension, then, does not seem to 
liave, to any extent, played a part in advancing the letlaal 
action of the non-lethal solutions of either copper salts or 
those of mercury. 
Osmotic value, vvhich Livingston (33), Stol'gane (47)^ and 
Greaves and Lund (23) have advanced as a hypothesis in explain­
ing toxicity phenomena did not seem to enter into this case. 
None of the combinations of the copper salts with the neutral 
oalts or those of mercury with the neuti--al salts induced plas-
raolysis in the spores. If osmotic value of the solutions had 
any contributing effect, plasmolysis shovild iiave become appar­
ent. Moreover, in tvro experiments it v/as found that germina­
tion was not impaired by suijar solutions with as hi^jh an osmotic 
value as 1.78 atmospheres. Osmotic value cannot then explain 
the incri-^ses in toxicity that were obtained. 
Hydrogen ion concentration, however, stands on a different 
footing. The substantial increaae in the lethal action of al­
most all of the substances has, therefore, not been so far 
discussed. By adding hydrochloric, acetic, and tartaric acids 
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to tlic coKpounda, their Jiydi'Or;on ion concentiv.ftlon was concider- ' 
nl'Xy incjM-aaec and tUis increased lethal notion tnay have been j 
due to this factor. How it is a v/cll Imovm fact "iict Ixyi'r*o- i: 
chloric acid ioniKes to a rrr ater cxt.«nt than citlier aeotlc or i 
t. 
tartaric acids, /ittcntion is ir-vited to talkie & '••iiera the I 
influence of fcheee tliro© acids on tho copfxr ealts is talraluted. | 
In combination v.'itli hydrociiloric, acetic, and ' ai'tciric i.;cids, | 
i 
the gorrrs'-nation obtained wan 3^, 4,1,. and 7,3 per cent, 
ro;:pectlvely, isut in combination with, copper nitriite li:e order 
v.'ixB reversed, tiiere being G4,5, 8»9, and 7,1 ocr cent «e:;rmina- s 
I 
tion, respectively. I5i,at was the cuse with coppei' cliloi'idc and | 
I 
copper acetate. In rJie case of tr^ercuric nitrate tho acida im- I 
proved th'r l«;thal action of this salt in the follo^^^ing orre'er: 
acctic, hydrochloric, and t:irtar'-ic acids. Vvliile it is not tiie 
intention to minimise the i:r.portance of Ivjflvo-^en ion concen­
tration in 'orin^jing about increased lethal action, theoe ij'.-udies i 
indicrite that some otJior factoi' ie operating, for if hydro,:on 
ion concentrution alone was concerned, then hydrochloric acid 
should have snovra its superiority at al.l times because of its 
higher diasocltitioH* 
Killer and his collca^aes (40) ascrlbsd the incrt^;aac in 
lethal action of phenol on the addition of a&lt to ci^emiocl 
potentialo They s;)owed '-hat pnonol solutions of louver con­
centration became Isotoxlc with thoae of a hi/-;her concentration 
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when certain salts .ere added to them in proper proportion. 
'i?hey demonstrated that v/hen such phenol-salt mixtures were 
shaken v/ith toluene or kerosene, wliich are solvents i'or x;henol 
alone, inore phenol was dissolved frora phenol-salt solution than 
from a pure phenol solution oi" the same screiigtii. Vvhien a spore 
of anthrax bacillus is suspended in a phenol~salt solution, it 
is logical then to suppose tliat it v.'ould receive more phenol 
than v;hen it is placed in a phenol solution of the same si;r-ength 
but without salt. The neutral salt, it is here supposed, drives 
phenol into a non-aqueous phase and, by increasing the concen­
tration potency, increases the toxicity of phenol solution. 
'i'he increase that became evident on the addition of neutral 
salts and also the acida to che salts of copper and mercury and, 
in some cases, the aldehydes, can only be suoposed to iiave been 
due to the incr'-ase in their chemical potential. This change 
in chemical potential had changed the amount of action taking 
place, it v/as presumed, on the addition of the salts. The added 
salts being impotent In quantities employed v/hen used alone and 
j the lethal chemicals themselves being also in such concentration 
I 
! that they were not poisonous, it is probable tiiat the increase 
I 
j in toxicity is associated v/ith a decrease in solubility caused 
i by the change in chemical potential induced by the neutral salts, 
i 
j In the case of the acids, while the hydrogen ions must iiave played 
I a prominent part, it is possible that in part, at least, the 
changes in chemical potential must loave intensified the action. 
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SUMMARY 
The le iiial concentration waa detexmined of the salts of 
six metals, sodium, potassium, lithixua, cadmixun, copper, and 
mercury, two aldehydes, formaldehyde and furfuraldehyde, ani 
three acids, hydrochloric, acetic, and tartaric, towards the 
spores of phytoohthora infestans and colocasiae* 
In the case of the mercury salts, the nitrate was toxic 
at a concentration of 1x10"^ molar and the chloride and the 
acetate killed the spores at a coiicentration of 1x10"^ molar. 
Ihe sulphate and nitrate of copper v/ere lethal in 1x10"^ 
molar solution, while the chloride and the acetate killed the 
spares at a concentration that v/as ten times more dilute. 
Sodium chloride, sodium henzoate, lithium nitrate and 
chloride, cadmium sulphate, potassium aluminium sulphate, and 
ammonium sulphate were lethal only in a very hij^ molar concen­
tration, viz. 1x10"^ molar, but sodium citrate v/as lethal in 
IxlO'S molar. 
I Formaldehyde retained its toxicity even in a dilution of 
I lxl0""3 molar, while furfuraldehyde was tern times less toxic. 
Hydrochloric acid '^/as isotoxic with formaldehyde, under 
i the conditions of these experiments, while acetic and tartaric j acids became lethal only v/hen their concentration \vaa IxlO**^ 
I molar. 
I 
1 Experiments were performed to see the effect of adding 
35 
non-lethal concentrations of the salts of Na, K# Li, Cd, NH/i, 
and the tixree acids to non-ler,lia.l concentrations of hhe more 
toxic metallic salts and the aldehydes. 
Sodium ci*:rate increased the toxicity of all the copper 
salts and also tJiose of mercury but v;as ineffective <;7ith the 
aldehydes. 
Sodium chloride incre;;,sed the lethal action of all the 
copper salts and that of mercuric acetate "out was ineffective 
with the other mercury salts and the aldehydes, 
ISie action of sodlvun benzoate vjas very pronounced in the 
case of copper nitrate and the incrcury salts. It was negli­
gible in the other cases. 
Sodium nitrate failed to incr' ass the lethal action of the 
compounti that were tested. 
The lithium salts were effective only with copper salts 
and the aldehydes. In the case of the mercury salts, their 
influence was relatively unimportant. 
Cadmium sulphate had an uniform influence in the case of 
all the compounds in increasing their respective toxicities. 
Am'nonium sulphate affected the toxicity of the copper 
salts in the positive direction (making them more lethal), less 
so in the case of mercury salts, and none in the case of the 
aldehydes. 
?o~assium aluminium sulphate had also a uniform influence 
—SG"* I 
\ 
with the copper and mercury aalts, Vihile its usefulness in | 
1: 
comblruition v.'ith furfaraldeliyde was pronounced, it was not l 
so usexUl v.'ith formaldehyde. • 
The acids increased the toxicity of all the coinpoiinda i-
but their effect was not entirely dependent on the degree of 
diGsociation» Sometimes the highly ionizing acids increased 
the toxicity and at other times those that ioniae in a l.isssr ^ 
degree increased toxicity. 
Surface tension measui'easents of lethal and non-lethal 
solutions of the compounds and of the mixtures failed to show 
any correlation of toxicity v/ith surface tension. The increased 
toxicity of the mixtures is not considered as being due to this I 
phenomenon. 
The spores tolerated an osmofcic pressure of 1.78 atmospheres 
and uhere was not any plasmolysis of the spores v/hen they vvere 
i 
i placed in tiie mixtiores. Tlie osmotic value is, therefore, taken 
f 
1 as not having anything to do v/ich the Increase in toxicity of 
the mixtures. 
! Sclerotia of Khizoctonia solanl Kuhn, treated v/ith solu-
1 tions of formaldehyde or mercuric chloride to v/hich one, two or 
j three per cent hydrochloric acid had been added, were likewise 
i 
1 killed, in larger niimbers r.han \vhen they were treated with 
those same solutions but without tlie addition of the acid. 
-67-
The accelerant action in che case oi' the neutral salts is 
supposed to be the result of the increase in cheraicul potential 
of the toxic material caused by the presence of these salts and 
the consequent decrease in the solubility of the lethal substance. 
In the case of the acids# ?rtiile the hydrogen ion concen­
tration does not explain the increase in toxicity in all cases, 
it is evident tliat there may be some factor, aside from hydro­
gen ion concentration -v'/hich is operating and tii^it factor niay 
be also cheraical potential* 
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